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1.0 INTRODUCTION 


With the initiative provided by the president to expand the exploration and habitation of space, a 
need arose to define a reliable and low cost system for transporting man and cargo from the earth 
surface or orbit to the surface of the moon or Mars. The definition of this system is two fold, the 
need for an low cost heavy lift Earth-To-Orbit system represents one of the major emphasis the 
other is the transportation system itself. The STV study has analyzed and defined an efficient and 
reliable system that meets the current requirements and constraints of both the existing and planned 
ETO systems as well as the surface habitation needs, as well arriving at the definition of key 
technologies needed to accomplish the these further needs. The results of the study provide a 
family of systems that support a wide range of existing and potential space missions. The simplest 
of the systems support the near earth orbital payload deliveries for both NASA and the DoD, 
requiring very short mission duration with no recovery of any portion of the system. The more 
complexity systems prove support for the interplanetary manned missions to both the moon and to 
Mars. These system represent state of the art systems that provide safety as well as reusable 
characteristics that allow the system to be used spaced based, the next step in the expansion of 
mans’ presence in space. 

The time to develop this STV family is now. Its role in complementing the space transportation 
infrastructure, keeps the United States of America as the world leaders in science, defense, and 
commercial space ventures for the 21 st century. 

The space transportation tasks that the STV system must perform to transport humans with mission 
and science equipment from Earth to high earth orbits or the surfaces of the moon or Mars can be 
divided into three phases. (1) Transportation to-and-from low Earth orbit (LEO) being 
accomplished by the NSTS, ELVs, and new heavy-lift launch vehicles (HLLV) capable of 75 to 
150 1 cargo delivery; (2) space transfer vehicles providing round-trip transportation between LEO, 
lunar, and planetary orbits; and (3) excursion vehicles providing transportation between 
lunar/planetary orbits and their surfaces. Where one mode of transport gives way to another, 
transportation nodes can be utilized. In low Earth orbit, Space Station Freedom or a co-orbiting 
platform can serve that need. Elements of the space transfer and excursion vehicles are delivered 
by the HLLV and crews by the NSTS. Once all the elements have been delivered crews from SSF 
assemble, checkout, and then launch the vehicle. Following completion of the planned stay at the 
orbital node, lunar surface, or Mars, the transfer vehicles return the crew and a limited amount of 
cargo to LEO where the vehicles are refurbished and serviced for additional missions. Performing 
the transportation functions in this manner maximizes the commonality and synergism between the 
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lunar and Mars space transportation systems and brings the challenge of the exploration initiatives 
within the reach of orderly technology advancement and development. 


Our final report addresses the future space transportation need and requirements based on our 
current assets and their evolution through technology/advanced development using a path and 
schedule that supports our world leadership role in a responsible and realistic financial forecast. 
Always, and foremost, our recommendations place high values on the safety and success of 
missions both manned and unmanned through a total quality management philosophy at Martin 
Marietta. 
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2.0 STV CONCEPTS AND REQUIREMENTS STUDY 

Per the 20 July 1989 presidential directive, NASA prepared a plan for sustaining planetary 
exploration spanning 1990 to 2030. Elements of the plan include Mission to Planet Earth, return to 
the moon to stay by creating a manned lunar outpost, followed then by manned missions to Mars. 
The charter of the STV Concepts and Requirements definition program was to initiate a new era of 
space-basing, capitalizing on the economic benefits achieved by reuse of major hardware 
elements. The principal LEO element that supports this reusability goal, is Space Station Freedom 
and its precision proximity operations support equipment Provided through this node is the space 
support that includes; launch, refurbishment, and control for both development and operational 
missions, for a reusable, space-based STV system is possible. 

The STV program began with the NASA/contractor defining preliminary program options to 
support the lunar and Mars initiative. The results of this effort, was a family of transportation 
vehicles that were capable of supporting Near Earth and lunar missions, with a growth potential for 
supporting the Mars missions, and an integrated program plan that defines a six year Space 
Transfer Vehicle and ETO Phase C/D development program, with unmanned development 
validation flights starting in 2002. The family of vehicles represent unmanned expandable cargo 
vehicles that transport the critical lunar habitation elements to the moon beginning in 2004. These 
expendable vehicles evolve into a reusable system prior to placing a crew in the system. This 
evolution provides a test bed for the critical flight elements within the system to be tested and 
validated without the costly expense of a unique test article. In 2005, a four man crew is 
transported from LEO to the lunar surface with a cargo of 14.6 tonnes, and returned after a 30 day 
stay on the surface. The following piloted missions increase in surface stay duration until a 
maximum stay time of six months is achieved. This lunar program is made up of four major 
phases of the operation- Precursor, Emplacement, Consolidation, and Utilization as defined in the 
Space Exploration Initiative (SEI) Requirements Document. Technology/advanced development 
activities over the next decade will allow these accomplishments with lower operating costs and 
increased confidence over today's level of engineering design though the initiation and 
demonstration of engineering solutions in low cost, laboratory environments prior to committing to 
full scale hardware developments. 

2.1 Study Objectives 

The objectives of the STV Concepts and Requirements studies were to provide sensitivity data on 
usage, economics, and technology associated with new space transportation systems. The study 
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was structured to utilize data on the emerging launch vehicles, the latest mission scenarios, and SEI 
payload manifesting and schedules, to define a flexible, high performance, cost effective, 
evolutionary space transportation system for NASA. Initial activities were to support the MSFC 
effort in the preparation of inputs to the 90 Day Report to the National Space Council (NSC). With 
the results of this study establishing a point-of-departure for continuing the STV studies in 1990 
additional options and mission architectures were defined. The continuing studies will update and 
expand the parametrics, assess new cargo and manned ETO vehicles, determined impacts of the 
redefined Phase 0 Space Station Freedom, and to develop a design that encompasses adequate 
configuration flexibility to ensure compliance with on-going NASA study recommendations with 
major system disconnects. 

In terms of general requirements, the objectives of the STV system and its mission profiles will 
address crew safety and mission success through a failure-tolerant and forgiving design approach. 
These objectives were addressed through: engine-out capability for all mission phases; built-in-test 
for vehicle health monitoring to allow testing of all critical functions such as, verification of lunar 
landing and ascent engines before initiating the landing sequence; critical subsystems will have 
multiple strings for redundancy plus adequate supplies of onboard spares for removal and 
replacement of failed items; crew radiation protection; and trajectories that optimize lunar and Mars 
performance and flyby abort capabilities. 

The results of the study were developed through a series of major analysis activities that included 
requirements analysis, configuration analysis and definition, operational analysis and interface 
definition, programmatic assessment of both the configuration and operations, and an integrated 
technology/advanced development plan. Details of the activity that made up this effort will be 
discussed in detailed throughout the remainder of this document. At this point, however, it is 
necessary to define in some depth the 90-Day study results that represents the foundation for the 
recommended LTS/STV systems. 

Data derived from the MASE baseline regarding the Space Exploration Initiative (SEI) during the 
period from July through December, 1989 and many of the initial study results was used to 
develop the "90 Day Report", that MSFC submitted to the NSC as a recommendation for an 
approach for conducting the lunar and Mars exploration programs. From this study the reference 
2-1/2 stage vehicle configuration. Figure 2.1-1, was adequate for the required missions but was 
optimized for cost and performance. This system utilized SSF as the LEO transportation node, 
required an 15 foot diameter x 71 1 ETO capability, with an five mission reusability goal supported 
by a rigid aerobrake for Earth reentry. The operational scenario recommended for this system, 
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Figure 2.1-2, transported both the transfer and excursion vehicles to Low Lunar Orbit (1 .1,0), 
where the transfer vehicle was left in orbit while the excursion vehicle descended to the lunar 
surface. Upon completion of the lunar stay, the excursion vehicle ascended to LLO where it 
docked with the transfer vehicle and the crew is transferred from the excursion to the transfer 
vehicle. The two vehicles separate and the excursion vehicle is left in LLO and the transfer vehicle 
returns to Earth using the aerobrake for reentry followed by a series of orbital maneuvers to 
rendezvous and dock the vehicle with SSF. 




| Drop 

LLO 

^ Tonht 

Figure 2.1-2: 90-Day Reference Configuration Operations Scenario 


5 




MCR-9 1-7502 


2.2 Systems Engineering And Requirements 

The objective of the systems engineering task was to develop and implement an approach that 
would generate the required study products as defined by program directives. This product list 
included a set of system and subsystem requirements, a complete set of optimized trade studies and 
analyses resulting in a recommended system configuration, and the definition of an integrated 
system/technology and advanced development growth path. A primary ingredient in Martin 
Marietta s approach was the TQM philosophy stressing job quality from the inception. 
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Figure 2.2~1 Systems Engineering Approach 


The systems engineering approach, see Figure 2.2-1, used a reference baseline from past study 
documentation to establish the foundation for further study. Derived from this reference database 
were the Design Reference Missions (DRMs), system and subsystem requirements, conceptual 
design, and the studies and analyses, technology/advanced development effort, all resulting in the 
recommended LTS/STV configuration shown in Figure 2.2-2, a cost model, an operations concept 
for conducting manned lunar missions, system and subsystem requirements and interfaces 
database, a development and test plan, and defined infrastructure sensitivities. This recommended 
LTS configuration supports several different operations scenarios that including. Piloted, Reusable 
Cargo, and Expendable Cargo, with minor element changes. The basic flexibility of the LTS 
configuration also provided several alternative configurations, shown in Figure 2.2-3. 
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Figure 2.2*3 Alternative Configurations 

These configurations represented an All-Propulsive Space-Based Configuration, an All-Propulsive 
Non-Space-Based Configuration, and a High Energy Upper Stage for use with an HLLV or the 
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LTS. The High Energy Upper Stage has generated considerable interest as a means of increasing 
the mission capture potential of the new National Launch System (NLS) vehicles that are under 
consideration. 

Additional analyses and studies of the systems comprising the LTS configuration (aerobrake, 
propulsion, avionics and structure) show key links to similar system functions in other planned 
infrastructure components such as the proximity operations vehicle, and deep space exploration 
systems. 

Seven Design Reference Missions (DRMs), represent three destinations. Near Earth, Lunar, and 
Mars. These DRMs provide the bounding requirements. Figure 2.2-4, for defining the final 
recommended STV/LTS family of vehicles. 



Using the process illustrated in Figure 2.2-5, these missions were selected from several reference 
sources: the 1989/90 CNDB, supplemented with the STV augmented CNDB (09 Aug 1989); the 
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1989 Air Force Space Command National Mission Model; and the Human Exploration Study 
Requirements Document. 



Figure 2.2.5 STV DRM Selection Process 


As shown, these bounding requirements include key areas of interest such as Man-rated/Reusable, 
Payload Type, Payload mass, first flight, number of missions, duration of each mission, and the 
total mission A- velocity. Listed below are the key requirements that imposed the most influence on 
the LTS/STV development activity. It should be noted that the characteristics associated with the 
LEO Payload Retrieval/Transfer mission were not considered drivers in the definition of the 
LTS/STV configurations, but were accommodated by the operational system. 

1) First Flight shall occur in 2001: Across all missions, the IOC date of 2001, 
represents an impact to and integration of technology, scheduling of the DT&E test program, 
and support node (i.e. SSF) availability. 
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2) Provide a total A-velocity up to 9.5 km/s: With a A-velocity ranging from 9.5 to 
2.9 km/s a direct correlation exists to vehicle sizing, ETO interfaces and performance, 
support node accommodation, and the propulsion system. 

3) System shall be capable of injecting a payload mass of up to 33 tonnes: 
Combined with the performance requirements of 9.5 to 2.9 km/s the mass delivered defines 
vehicle sizing and structural configuration, support equipment, and directly influences the 
system operational cost. 

4) Mission Duration of up to 50 days of full up operations and the capability 
of maintaining system operations for 207 days, shall be accommodated: 

Operational time impacts are constrained primarily to the manned missions. It should be 
noted, however, that of the 207 days required for the Manned Lunar mission, only 30 days 
of full up operations is needed. 

Of the seven STV DRM's, the Lunar missions (both manned and unmanned) represent the primary 
contributor to the STV growth requirements. To ensure the proper implementation of these 
requirements, the emphasis during the system concept definition and development phases focused 
on the lunar missions, with evolutionary considerations given to the GEO, Planetary, and Mars 
missions. 

Using the bounding requirements established through the above STV DRMs, a set of system level 
requirements was developed. Figure 2.2-6, and carried forward into the definition of the 
transportation vehicles. These requirements include basing, man-rating, maintenance and service 
life, earth return, propellant, autonomy, and operations and interfaces. They were derived from 
NASA documentation, system and configuration trades and analyses, or the STV contract SOW. 

This requirements base is defined in two categories: 1) General requirements that are imposed on 
systems supporting all transportation scenarios, and 2) mission unique requirements that impact 
specific missions such as lunar and Mars. 

The general STV requirements define manned operations, interfaces, mission environment, design, 
and verification. Key requirements that will be imposed on all configurations and operations of the 
STV system have been shown below. 
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Figure 2.2*6 STV System Requirements 


Manned Mission Operational Requirements— The STV shall be capable of transporting 
personnel (one or more) to a safe haven, with abort trajectories for free return aborts for manned 
missions and planetary surface impacts for the disposal of unmanned mission hardware. 

A minimum of two crew members shall perform each scheduled EVA. Suit pressure/pre-breather 
combinations for EVA shall achieve an R value of 1.22. In-space and surface EVA provisions 

shall be made for each crew member. It is not required to provide simultaneous capability for the 
entire crew. 

Interfaces — The Space Transportation system shall interface with earth based facilities, ground 
transportation systems, power systems, payload handling mechanisms, thermal management 
systems, and launch elements. The ground operations will provide processing, assembly and 
checkout, and launch of space transportation elements. The STV crew will be processed as part of 
an STS (or equivalent) mission launched with existing ground elements. 
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The Earth-to-Orbit system shall provide the hardware systems and/or support system which 
provide the capability for transportation elements to be delivered to LEO. 

a) STV Elements shall be delivered to a 160 nmi circular by 28-1/2 to 56° inclination orbit 

b) Payloads diameters up to and including 10 m will be delivered to LEO 

c) A maximum of six ETO flights/year will be allocated to support space transportation 
missions 

The Low Earth Orbit (LEO) transportation node shall provide the hardware systems and/or support 
systems for assembly, storage, checkout, refurbishment, and control of transportation elements. 
Propellant management and storage shall be capable of providing a maximum storage time for a 
quantity not to exceed 174 mt, for 90 days. 

Transportation system shall interface with all destination support elements. Manned systems shall 
interface with power systems, data systems, payload handling mechanisms, thermal and propellant 
management systems, life support systems, and launch elements. Unmanned systems shall 
interface with power systems, data systems, and payload handling mechanisms. 

Design — Fault detection/fault isolation and reconfigurations of critical systems will be provided 
(ref. 3: NHB 53000..4 (ld-2) “Safety, reliability, Maintainability and Quality Provisions For The 
Space Shuttle Program”). Redundancy for man-rated elements shall be Dual-Fault Tolerant (Fail- 
Op, Fail-Op, Fail-Safe). Critical mission support functions shall be one failure tolerant. Critical 
functions affecting crew safety and survival shall be two failure tolerant. 

The service life of STV systems and subsystems shall be a minimum of five missions. There will 
be no scheduled in-flight maintenance. All scheduled maintenance shall take place at the Earth 
transportation and space based nodes. Removal and replacement shall be done at the functional 
component level. Non-pressurized systems shall be accessible to telerobotic or EVA maintenance. 

Technology— First flight shall not be impacted by technology development schedules. System 
architecture will allow incorporation of new technologies as they become available. 

Verification — Overall reliability shall be demonstrated and verified by testing (ref. NHB 
53000..4 (ld-2) “Safety, reliability, Maintainability and Quality Provisions For The Space Shuttle 
Program”). Requirement verification shall be performed, either by analysis or test. System shall 
be certified for flight only after the requirement verification has been satisfactorily completed. All 
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critical mission elements shall be verified by flight test. All critical mission elements shall be 
verified by ground test, to the extent practical. 

The mission unique requirements shown below, represent those characteristics that support the 
conduct of a specific mission and should not be imposed on another class of missions. 

Lunar Mission Requirements — Transportation system shall deliver to the Lunar surface, 429 
tonnes PSS elements between 2002 and 2026. 142.8 tonnes between 2002 to 2007, 106.0 tonnes 
between 2008 to 2013, and 189.9 tonnes between 2014 to 2030. 

Piloted Flights shall deliver a crew of four and a maximum of 14.6 tonnes of cargo to the lunar 
Surface and return a crew of four and a maximum of 0.5 tonnes of cargo to earth orbit. Cargo 
flights shall deliver a maximum of 33.0 tonnes of PSS components. The flight rate for the delivery 
of these payloads shall not exceed one mission per year. 

Transportation system shall be capable of autonomous rendezvous and payload propellant 
transfer. Landing on the lunar surface occurs on a 50 meter diameter pad, level within 2 deg 
(improved), or on unimproved landing pads level within 15 deg. Landing shall also be 
accomplished over surface irregularities not in excess of 1 meter in height (unimproved). 

Mission operations that shall not exceed a planned duration of 4360 hours (180 days), from earth 
launch to earth return. All system elements shall remain in lunar proximity during manned 
occupation. Period includes 48 hours following landing and prior to ascent. 

Utilizing the following requirements, the transportation system shall provide performance 
capabilities of delivering crew and cargo. 

a) Propulsion system utilizes cryogenic propellant 

b) Two engines out will not abort the mission 

c) Total cryogenic boil-off shall not exceed 2% per month 

d) 1% reserves for Isp 

e) 1.5% residual 

f) 5% ullage 

Unmanned mission does not require meteoroid/debris protection. In-space propellant transfer shall 
be performed between the vehicle and LEO node, internal vehicle tankage, and the vehicle and the 
PSS support equipment on the lunar surface. 
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First manned flight shall support manned occupation on the lunar surface by 2004. First cargo 
flight will be to the lunar surface by 2002. 

Near Earth Mission — The transportation system shall be capable of delivering payloads to 
LEO between 2001 and 2030, GEO between 2001 and 2019, and to a polar orbit between 2001 
and 2008. Missions shall deliver a maximum of 12.0 tonnes with a flight rate not exceeding two 
missions per year. System will be capable of autonomous rendezvous, docking, and 
payload/propellant transfer. Reusable configurations will use an aerobrake return to LEO 
Meteoroid/Debris protection shall not be provided for unmanned Near Earth configurations. In- 
space propellant transfer is performed between the vehicle and LEO node and internal vehicle 
tankage. 

Mars Mission — System shall be capable of supporting the delivery of 20 tonnes of cargo and a 
crew of four to the Mars surface between 2015 and 2026. 


As the description of the LTS/STV configuration matured, eight system requirements were found 
to be key design drivers. The impacts that these requirements bring to the design of the system are 
defined below. It should be noted that a change in any one of these requirements has the potential 
of completely altering the results of the configuration selection activity. 

System Shall Deliver 14.6 tonnes of cargo and a crew of four to the surface and 
return: Delivery of 14.6 tonnes of cargo and a crew of four represents the maximum propellant 
requirements of the three mission scenarios (piloted, reusable cargo, and expendable cargo). 
Transforming the piloted system to an expendable cargo configuration provides the capability to 
delivery 37.4 tonnes of cargo with the same propellant tanks as carried on the piloted mission. 
Sizing the propellant tanks and vehicle for the 33.0 tonne cargo mission will result in a cargo 
capability well short of the 14.6 tonne requirement in the piloted mode. 

System shall be reusable for a minimum of five missions: Reuse of the system 

requires more of the vehicle elements to be returned to a LEO node to make the scenario 
economically feasible. To support this, the IMLEO required for the mission increases to support 
the return performance requirements. A LEO Node becomes the primary support element for 
assembly, checkout, and verification. To minimize the assembly requirements at the LEO Node, 
quick disconnects are required in major system elements, impacting IMLEO as well as driving 
technology requirements. Within the vehicle itself, system health monitoring and aeroassist 
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become mandatory, to minimize performance requirements and LEO Node maintenance. While 
reducing LEO Node EVA/IVA requirements, the additional avionics equipment increases the 
IMLEO. 


Manned systems shall be fault tolerant: Increasing the avionics complexity to comply with 
this dual-fault tolerant requirement adds additional mass second only to the propellant as the major 
contributor to the IMLEO. Included in this complexity is the additional software that will be 
required, becoming an enabling technology and thus having a direct impact on system availability. 


System shall deliver 429 tonnes to the Lunar surface between 2004 and 2030 as 
defined by the PSS requirements document (05 Jun 90): Compliance with the manifest 
delivery schedule defined by PSS, requires the use of a minimum of four expendable cargo 
missions as shown in Figure 2.2.-7. Minor reallocation of the cargo can significantly reduce the 
LCC costs of the LTS/STV program by allowing the reuse of three of these four cargo vehicles. 
The large cargo requirements in these expendable missions translates into major impacts to support 
systems such as KSC, the LEO Node, and the handling of the cargo once delivered to the surface. 



Figure 2.2-7 PSS Manifest Lunar Surface Delivery Requirements 


Space Station Freedom shall be utilized as the LEO Transportation Node: With 
SSF used as the LEO Node, all interfaces with the supporting space infrastructure (KSC, ETO, 
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PSS, and others) and the LTS/STV must be common with those on SSF. This increases the LTS 
IMLEO since the SSF interfaces have been designed for stationary operations where weight 
restraints do not pay as much of a penalty as they do on a transportation vehicle. The handling and 
storage of propellant tanks have a physical and safety impacts. Present data shows that the crew 
requirements for assembly and servicing of the LTS/STV fleet ranges from 400 to 1200 manhours 
or at a maximum 70% of the available crew time at SSF, see Figure 2.2-8. Contamination issues 
must be addressed to ensure that the SSF environment is not adversely affected. If the 
management and control of contamination falls on the LTS side of the interface, the potential exists 
for significantly increasing the IMLEO of the system. 

System IOC shall be 2001 with initial manned flight in 2006: To support a mission in 
2001, necessary technology must be at Level 6 or at PDR maturity by 1996. Based on current 
technology plans, the potential for the highly advanced systems necessary to meet the requirements 
of the STV/LTS program is moderate at best. 
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Figure 2.2-8 STV Assembly and Support Manpower Requirement 


Propulsion system shall utilize L0 2 /LH 2 propellant: Cryogenic propellants require 
complex and expensive storage equipment both at LEO and the lunar surface. Development and 
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transportation of this equipment directly impacts the STV/LTS economically and physically. 
Replacement of the cryogenic propulsion system with an advanced propulsion system, such as a 
nuclear thermal rocket (NTR), can increase the mass capability to the Lunar surface by as much as 
100%, as shown in Figure 2.2-9, which translates into a lower IMLEO if the current PSS mass 
requirements are maintained. 

System shall be capable of autonomous operation: Increasing the avionics complexity to 
provide autonomy adds additional mass second only to the propellant as the major contributor to 
the IMLEO. Included in this complexity is the required additional software. With this 
requirement, software becomes an enabling technology having a direct impact on system 
availability. Training requirements and facilities for the flight crews arc reduced by implementing 
autonomous operations. 



Cryo Reusable NTR & Expended 
NTR Cryo NTR 


Figure 2.2-9 Propulsion System Capabilities to the Lunar Surface 
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2.3 SYSTEM TRADE STUDIES & ANALYSES 


Top-level systems trades provided results that directly influenced the definition and the selection of 
the optimum STV concept or family of vehicles. Top-level program decisions were made 
regarding aeroassist versus all propulsive, vehicle growth options, performance impact of lunar 
liquid oxygen, direct descent versus lunar orbit, etc. The results of substantiating system trades 
are included in this section following the description of the STV concept selection process. 

The analysis and study activities of the STV Study program were made up of six major areas; 
systems, mission operations, avionics, aerobrake, propulsion, and interfaces, as defined in Figure 
2.3-1 These categories were defined within the original proposal and updated in the initial phases 
of the program with inputs from our MFSC customer as well as on-going studies. Included in this 
process was the ability to integrate the top level system results in the definition of the key 
subsystem. 
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Figure 2.3-1 STV Studies & Analyses Approach 
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2.3.1 Mission Operations 

The mission operations study provided performance, sensitivities, and operations needed before 
the configuration analysis could be completed. Included in this study were analyses that 
addressed; ground, orbital, flight , and surface studies, with the emphasis placed on supporting the 
"Option 5" lunar outpost missions. Results were largely influenced by Martin Marietta's 
involvement in the MSFC "Skunk Works" effort. Since the primary focus of the "Skunk Works" 
was the lunar missions the bulk of the data available supported the continuation of the detailed 
definition and description of a Lunar Transportation System (LTS) with an upward and downward 
evolution to Mars and Near Earth missions. 

Orbital Operations Analysis— Orbital operations analysis assumed the ability of Space Station 
Freedom to provide support to a spaced-based transportation system. Key areas addressed were 
the approach to element assembly, with an emphasis on the aerobrake, and the ability of the station 
crew to provide the necessary support. One of the main Space Station based operations for STV 
servrcing is the assembly of the aerobrake. Along with being intricate, the operational approach 
has a large impact on the design of the aerobrake. Three criteria areas, crew resources, task time 
and technology risk were analyzed for two separate aerobrake assembly operations approach. 

Option 1 (IVA/Telerobotic Assembly) involves using the crew, inside a Space Station pressurized 
control center, to direct telerobotic operations to assemble, connect and verify aerobrake assembly. 
Option 2 utilizes Extravehicular Activity (EVA) crew to directly assemble, connect and verify 
aerobrake construction. As can be seen in table 2.3. 1-1, resource comparisons show equivalent 
levels of total man-hours to perform the aerobrake assembly, whether accomplished using 

telerobotics or EVA. However, the use of EVA crewmen imply a substantial operational cost 
premium over IV A crew usage. 


Table 2.3. 1-1 Aerobrake Assembly Trade Study Results 


Option 

Man-Hours 

(EVA/Total) 

Serial 

Task 

Hours 

Technology 

Risk 

Comments 

IVA/Telerobotic 

0/280.2 

140.1 

101/150 (High) 

Also Requires 
EVA Dev't 

EVA Assisted 

125.8/276.3 

91.2 

97/150 (Med High) 

Uses STV 
turntable 
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As a result of studying the aerobrake assembly operations, a set of design recommendations were 
produced. The significant point involves design of a simply sealing thermal protection system 
along with positively latching joint mechanisms. If adopted, these recommendations would offer a 
28% improvement in assembly time for the telerobotics option, making it comparable to the EVA 
option. Other key design recommendations relate to latches, adjustable struts, alternate TPS 
closeout, and the STV turntable. With regards to the latches, recommendations include self- 
alignment/verification, recycle, and positive latching. 

To properly understand the impacts and sensitivities of the Space Station system due to STV 
servicing operations, a study was conducted that examined each proposed STV configuration and 
evaluated the complexity of its individual servicing operations. 

The study initially defined an exhaustive list of STV servicing tasks against which the complexity 
of each task were derived. Time estimates were developed for each configuration by multiplying 
each task complexity by this task duration, and summing for all tasks, the final complexity factor 
for each configuration was produced. 

The complexity factors and crew time estimates were based on a dedicated STV servicing crew size 
of four, working consecutive two man shifts. For EVA operations, two EVA crewman would be 
assisted by a regular Space Station crewman to monitor operations. If the tasks are not undertaken 
by specifically trained STV servicing crewmen, then complexity factors could change. This speaks 

to the added issue of when additional crew habitation facilities will be needed for these special 
crewmen. 


Results indicate that complexity factors of cargo configurations did not vary significantly. 
Similarly, the factors of crew configurations did not vary significantly. There was, however, a 
significant difference when comparing factors of crew and cargo configurations. The crew factors 
were much higher because of the post-flight inspections and refurbishment 
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Figure 2.3. 1-1 Sensitivity of STV Configurations to Servicing Operations 


The final study conducted addressed the utilization of the SSF crew time. The basis of this study 
was an analysis of candidate tasks and shift times done by MDSE.-KSC (STV Concept Selection - 
SS Freedom On-Orbit Operations Evaluations - Preliminary Data - 6/2/90 by Don Bryant). The 
total shift-times in the study were multiplied by eight hours and four crew persons to get the total 
SSF crew hours for each type of mission. For purposes of comparison, 2800 hours was assumed 
to comprise a SSF man year to allow an approximate value of 18,000 man hours/year of utilization 
time (6 man crew). This was derived from currently hypothesized payload manifest scheduling 
and utilization operations extrapolated over a year. 

Figures 2.3. 1-2, 2.3. 1-3, and 2.3. 1-4 represent the results of this analysis. Figure 2.3. 1-2 
defines the total manpower required at SSF for each year of STV operations. Figure 2.3. 1-3 
translates these manpower requires into the actual percent of the total available manpower that these 
hours represent. Figure 2.3. 1-4, defines the relationship between IVA and EVA during the coarse 
of the SSF servicing tasks. Initial assessment of the LEO operations requirements indicate a 
substantial manpower need. The goal of future studies as well as specific technology/advanced 

developments will be to drive toward a reduction in this requirements, that in turn reduces 
operational costs and risks. 

Flight Operations Analysis — The flight operations analysis has been separated into two areas. 
The primary area of activity involved analysis of lunar missions including trajectories, aeroassist 
maneuvers, and mission times. The secondary area of analysis addressed a ground-based 
approach involving a high energy stage in support of meeting the STV DRMs. 
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Figure 23.1-3 % SSF Utilization Time to Support STV Operations 
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The analysis and the recommendation of a baseline and alternative architectures was constrained by 
several sizing groundrules and assumptions, Table 2.3. 1-2. 


J^^_ 2_J : J_-2__Groundrules and Assumptions 

4% of Propellant 
2% of Landed Mass 
2% of Gross Vehicle Mass (no P/L) 
20% of Vehicle Gross at Aeroentry 
30 

0.25 
0.5 
0.1 

2% by Velocity 
1.56% of Total Propellant 
0 (In the noise) 


TV' -Crew Module Mass, Including 4 crew, suits and consumables: 9760 
LV-Crew Module Mass, Including 4 crew, suits and consumables: 3130 
Single Stage combined Vehicle Expends the Following on the lunar surface: 
Structure mass and Leg mass 

• Multi-Stage vehicles driven to common size 

• Drop Tanks always dropped after TLI 

• Drop tanks sized for Entire Propellant load 

• Engine Performance Based on RL-10B-2 (isp = 460 sec) 


Tank Fraction 
Leg Fraction 
Structure 
Aerobrake 
Engine T/W 
Vehicle T/W 
Earth Escape 
Lunar Surface 
2nd Stage TV 

Flight Performance Reserve 
Unusable Propellant 
Avionics 
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The configuration analysis task evaluated the five primary mission architectures shown in Figure 
2.3. 1-5. The recommendation to use the LEO Transportation Node as the baseline lunar mission 
architecture, see Figure 2.3. 1-6, was based on, cost, risk, operations, and mission adaptability. It 
should be recognized that this decision is dependent on the assumptions that were made, as well as 
the relative weighting of the various selection criteria. Once the baseline mission architecture and 
trajectory were defined, a detailed analysis was conducted to optimize the effect of one-way 
transfer time on the total propellant load, assuming that both legs of the round-trip mission had the 
same one-way time. A free return trajectory with a lunar fly-by altitude of 300 km would have a 
one-way transfer time of -71 hours, with transfer time increasing (up to -120 hours) with 
increasing lunar fly-by altitude. The minimum one-way transfer time for a free return is -68 hours 
(0 km lunar fly-by). The left border on the graph represents a parabolic Earth departure and is not 
a physical boundary, i.e., hyperbolic earth departures and lunar orbital captures are possible 

However, the right border on the graph is a physical boundary and represents the lowest energy 
elliptical transfer possible. 


To supplement this trajectory analysis, a strategy was developed that would allow for the return of 
the vehicle, and crew to SSF without the use of a separate rescue vehicle. 


Crew & Cargo Missions 


Baseline Option 



Cargo - LEO to Lunar Surface 
Crew - LEO to Lunar Surface, Return 
to LEO 


Cargo - Earth to Lunar Surface 
Crew - Earth to Lunar Surface, Return 
to Earth 


Cargo - Earth to Lunar Surface 
Crew * LEO to Lunar Surface, Return 
to LEO 


Cargo - Earth to Lunar Surface 
Crew - Earth to Lunar Surface, Return 
toLEO 


Cargo - Earth to Lunar Surface 
Crew - LEO to Lunar Surface, Return 
to Earth 


Figure 2.3.1-S Lunar Mission Architectures 
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TLI Burn 
(3259 m/s) 



LOI Burn 
(1098 m/s*) 


TCM- 
(10 m/s, each) 


TEI Bum 
(1098 m/s*) 


Legend 


LEO Low Earth Orbit 

LLO Low Lunar Orbit 

LOI Lunar Orbit Insertion 

TCM Trajectory Correction Maneuver 

TEI Trans-Earth Injection 

TLI T rans-Lunar Injection 


Figure 2.3. 1-6 Baseline Earth-Lunar Trajectory 


Includes Allowance 
for a 5° Inclination 
Change in LLO 


The uutial step begins with the vehicle departing on a 71.1 hour free return trajectory to the moon 
with a lunar fly-by altitude of 300 kilometer. Once the decision has been made to execute the free 
return for some reason, the vehicle would perform the 300 km lunar fly-by and embark on the 71.1 
hour return to Earth. Once at Earth, the vehicle would begin the second step, performing a 102 
meter/second retro-bum at periapsis to change the vehicle’s orbit from a 407 x 518814 kilometer, 
15.8-day orbit to a 407 x 202800 kilometer, 4.1-day orbit. The vehicle would then remain in that 
holding orbit for 1 1 complete orbits (~45 days), allowing SSFs orbit to precess into the plane of 
elliptical orbit. After the orbital planes are realigned, the vehicle would make the final 3003 
meter/second retro-burn to insert into SSFs orbit and then rendezvous with SSF. Our baseline 
vehicle would employ its aenobrake to achieve both the 102 meter/second and 3003 meter/second 
A velocities if its main propulsion had failed. Because the vehicle would pass through the Van 
Allen radiation belts several times while waiting for SSF rendezvous, it might seem that the crew 
would be exposed to an inordinate amount of radiation. However, a separate study has detetmined 

that the crew’s exposure to radiation while in a 4-day orbit is actually ks than it would be for the 
same amount of time spent in LEO. 
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Since a direct free return to SSF is generally not possible due to the plane in which the vehicle 
returns to Earth not aligning with SSFs orbital plane, this strategy uses two steps to achieve the 
recovery of the vehicle at SSF. 

Alternative HLLV Upper Stage Configuration— Since the baseline STV presented in the 
rest of this document is dominated by requirements that came from the 1989 90-Day Report 
(Skunk Works), it is important to assess what requirements could be generated without the 
emphasis on space-basing and reusability. Figure 2.3. 1-7 shows how three important mission 
classes all require about 4 kilometer/second A-velocity from LEO, bringing a capability forward 
that for the commercial GSO market and the two objectives of SEI - the moon and Mars - a 
common stage is possible. 

The study assumed the use of a circular park orbit at 185 kilometers and 28.5 degrees. This park 
orbit was used because most high energy missions use LEO to minimize their total mission A- 
velocity by selecting the optimum time to start the transfer bum, i.e., nodal crossing. LEO is also 
used for final targeting and improves mission flexibility by increasing the width of the ETO launch 
window. In all cases, the booster vehicle consisted of two Advanced Solid Rocket Motors 
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(ASRMs), an External Tank (ET) derived core, and a payload shroud based on our Advanced 
Launch System work. The differences lie in the type and number of engines used, and the manner 
in which they were mounted on the core. The two engines considered were the Space Shuttle Main 
Engine (SSME) and the Space Transportation Main Engine (STME). These engines were used in 
sets of three and four and were mounted in either a side-mount or in-line fashion. 

The characteristics for each of these engines are shown. The upper stages were sized 
parametrically, but all were based on the assumptions listed on the chart. The upper stages had 
thrust levels ranging from 444 kilonewtons (100 kilopounds) to 1332 kilonewtons (300 
kilopounds) and propellant loads ranging from 45 tonnes (100 kilopounds) to 160 tonnes (350 
kilopounds). 

The performance advantages that this stage offers are shown in Figure 2.3. 1-8. By going to three 
ASRMs and extending the length of the ET, the 1 .5 stage HLLV has been sized to match the LEO 
capability of one of the eight 2.5 stage vehicles evaluated. But as the A-velocity increases, the 

capability of the 1 .5 stage HLLV falls off much more rapidly than does the capability of the 2.5 
stage vehicle. 



Figure 2.3. 1-8 Cargo versus Orbital A-Velocity With/Without an Upper Stage 
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For example, the Geostationary Transfer Orbit (GTO) capability of the 2.5 stage vehicle is roughly 
twice that of the 1.5 stage HLLV. Furthermore, at 4 km/s the 1.5 stage HLLVs 
capability drops to zero while the 2.5 stage vehicle gets ~45 tonnes. The three missions previously 
mentioned as having a A-velocity of approximately 4 km/s have been highlighted. 

Analysis of the 4 kilometer/second stage was conducted over a range of potential HLLV systems 
since the exact configuration and capabilities of the HLLV have not been formulated. Even with 
the fluctuations in the defines of an HLLV system, the results of this analysis show a clear 
requirement to consider the integration of a high energy upper stage into the HLLV configuration 
for both a near earth as well as planetary exploration and manned missions. 

2.3,2 Systems Analysis 

Following the definition of the STV requirements base and in conjunction with the mission 

analysts effort, three major system studies were conducted. These studies included basing 

aeroassist, and design. Within these analysis the implementation of man-rating on the 

tntnspomtion system was evaluated along with the systems programma.ics that included test cost 
and schedules. 


Aeroassist vs All-propulsive Analysis -The objective of the aeroassist versus all- 
propulsive study was to determine relative life cycle cost (LCC) benefits as a function of the 
aerobrake mass fraction, ETO specific costs ($/mass), and the costs associated with development 
of the aerobrake. The study showed that even if greater aerobrake mass fractions are required than 
currently estimated (11% to 15%), the life cycle cost benefits are still substantial, see Figure 2.3.2- 
1. One of the more critical elements in establishing aerobrake and total system development cost is 
the question of the need for subscale flight testing. Preliminary studies have shown that flight 
testing an approximately half scale prototype aerobrake could be accomplished using the existing 
STS as the launch vehicle. However, such a test or tests would add significantly to the cost of 
aerobrake development. Further assessment of the pros and cons of such testing is required 
Relative to the issue of aerobrake reusability, the LCC cost study results suggest that, depending 
on development costs, the cost advantage the aerobrake affords should not disappear even if it is 
only used one time. (Complications in ETO manifesting associated with replacement of the 
aerobrake more frequently than other subsystems have not been evaluated). Another concern, 
afterbody heat protection during the aerobrake maneuver, also has not been evaluated sufficiently 
due to wake heating uncertainties. There appears to be room to increase system mass for this 
purpose without significantly eroding the cost advantages of the aerobrake approach, although 
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adding heat protection to the core vehicle has a two to three times greater impact on IMLEO mass 
as does adding mass to the aerobrake since the core vehicle descends to the lunar surface. 


Space versus Ground Basing Analysis — The objective of the space versus ground basing 
analysis was to provide a means of course screening for the large configuration selection analysis. 
The configurations that space-based system and a ground-based systems were based on, had been 
defined as a result of information derived from the 1989 Skunk Works activities. 



The ground-based system is comprised of an expendable transfer stage with a ballistic return 
lander. Details of the configurations used to assess these criteria are shown in Figure 2.3.2-2. 

The spaced-based configuration is comprised of a multiple stage system with drop tanks for 
propellant storage and crew module. At the initiation of this analysis it was determined that cost 
and operations were the most important of the four primary analysis criteria under which the STV 
studies have been performed. Program cost defines the total cost to acquire and operate the 
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system. This total cost includes: Full Scale Development (FSD), verification, production 

operations and support, and disposal. The operations analyses included both space and ground 

functions. The operational functions included rendezvous and docking both at Low Lunar Orbit 

(LLO) and Low Earth Orbit (LEO); Engine Bums at Trans-Lunar Injection (TLI), LLO lunar 

landing, ascent, and Trans-Earth Injection (TEI); system element separations including stages and 

drop tanks; crew, cargo and propellant transfers; and critical maneuvers including aerobrake 

preparation and operation and a ballistics return. Each of these functions was assigned either a Crit 

1 or 2 rating, which provided a quantitative value to the criticality of the operation. A Crit 1 

operation is defined as an operation which if not successfully completed results in loss of life or 

failure to deliver mission critical cargo. Crit 2 is defined as an operation which if not successfully 

completed allows the crew to return safely or leaves the cargo in a position where it can be 
salvaged. 


The following groundrules were observed in conducting this analysis: 

- Propellant shall be cryogenic 

- Earth return shall be aeroassisted (derived from results of the Aeroassist vs All-propulsive 
Return Study, 2.3.3. 1) 

- ASE engine shall be used on transfer vehicle (Isp - 476) and transfer/landing vehicle 
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(Isp - 460) 

- ETO transportation system cost shall be $2500/lb 

- LCC shall include design, development, test hardware and operations 

- System life shall be 30 years 

- Space basing shall utilize SSF, requiring $2.0 billion for modifications 


The results of the cost evaluations are shown in Figure 2.3.2-3. This data shows that in three of 
the four cost categories the space-based systems represent a lower cost, including LCC. The only 



category in which the ground-based system rated better in cost was in DDT&E since the ground- 
based system utilizes fewer technology/advanced development items that require extensive 
development costs. The results of the operations evaluation, shown in Figure 2.3.2-4, show the 
opposite trend, with the ground-based system representing an approach with fewer critical failure 
modes during the conduct of the transfer missions. This can be attributed to fewer rendezvous and 
docking operations and the elimination of the aerobrake and the aeroassist maneuver. Further 
assessment of the operational complexity based on ground processing operations was conducted to 
cast a deciding vote in providing a recommendation from this analysis. This additional work 
indicated that the ground-based system greatly increased the processing requirements at KSC. 

The results of this basing evaluation provided significant data to recommend a basing approach that 
utilizes a LEO transportation node and space-basing the LTS. This provides an overall reduction in 
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the system LCC of 9% and a similar approach to ground processing and launch at KSC. It should 
be noted that although this approach provides a lower cost, it does represent a system with more 
potential failure modes, that must be accounted for in the final design. 



Figure 23.2-4 Basing Operations Analysis Results 


STV Concept Selection Analysis— There are two basic STV concept selection philosophies 
The first is to start with a gnound-based initial STV, proceed to space-based reusable concepts, and 
continue to utilize the STV or family of STV vehicles for lunar missions and eventually Mars 
missions. A second philosophy starts with the most mission driven STV concept — the lunar 
mission - and evolves backwards and forwards to satisfy the other missions. These iwo 
philosophies are illustrated in Figure 2.3.2-S. Since the Lunar missions represent die most 
stringent drivers for vehicle definition, the concept selection philosophy of starting with the lunar 

TV family and evolving to the other design reference missions (DRMs) was utilized for this top 
level systems trade. 

The concept selection process chosen for this analysis. Figure 23.2-6, was established to 
systematically evaluate and down select STV concepts into a single concept or family of concepts. 
The process began with the development of a concept selection methodology and was followed by 
a concept identification task. Once concepts were defined, simple configurations, operational 
scenarios, performance data and relative cost data were generated for each concept Concepts were 
evaluated against top level selection criteria — performance, relative cost, and operational 
complexity. Top scoring concepts for each selection criteria were recommended for additional 
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evaluation during the second downselect process. Downselected concepts were further defined 

and evaluated to determine interface impacts, real costs, evolution to other missions, ETO 
transportation methods, etc. 

After the first downselect, lunar architectures were developed and concepts were allocated to these 
arch, lectures. More detailed data consisting of configurations, mass properties, performance 
results, flight operational scenarios, interface impacts and programmatic costs were generated for 
each concept. Cost, operations, adaptability to meet other DRMs, and risk were used as evaluation 
criteria to recommend criteria driven concepts for additional study during the final downselect 

The criteria driven concepts were further studied to define a common family of vehicles and assess 
abort scenarios. Results from these final studies were evaluated, and a final STV family of 
vehicles was selected. Once NASA concurred with the final STV selection, results from 

subsystems trades were incorporated and detailed concept description of the selected concept and 
detailed programmatics were conducted. 


Thu firs, , step m the downselect process was to identify orbital mechanics solutions for delivering 
crew and/or cargo to the Moon. Figure 23 . 2-1 is a pictorial overview of the node options 
available for lunar transfer and return. Nodes, which were defmed as locations when: two vehicles 
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can meet to transfer people, cargo, and propellant, included Low Earth Orbit (LEO), a Highly 

ptic [Earth] Orbit (HEO), an orbit with a perigee near Space Station Freedom (SSF) altitude and 

a penod that is resonant with the sidereal rate of the moon. LI and L2 were also evaluated as 

n es. LI is the hbration point on a line between the Earth and moon. L2 is a similar point but 

located on the far side of the moon, still on the Earth-moon line. A cycler which is a continually 

moving node that is placed in a resonate, free-retum trajectory between the Earth and Moon was 
also defined. 

The reverse process is followed for getting back to Earth. The final node considered was Low 

Lnnar Orbrt (1X0), typically a 300 kilometer circular orbit with an indinadon of less than 30 
degrees. 


Using these node options the all possible orbital mechanics solutions to launch and/or return cargo 
and/or crew from the Earth to the Moon were developed and are listed below: 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


Launch - Up Leg from Earth or Low Earth Orbit (LEO) to Lunar Surface 
Earth to Lunar Surface 

Earth to Low Lunar Orbit (LLO) to Lunar Surface 
LEO to Lunar Surface 
LEO to LLO to Lunar Surface 
Earth to Libration Point to Lunar Surface 

Earth to Highly Elliptic [Earth] Orbit (HEO) to Lunar Surface 
Earth to Cycler to Lunar Surface 
LEO to Libration Point to Lunar Surface 
LEO to HEO to Lunar Surface 
LEO to Cycler to Lunar Surface 


Return - Down Leg from Lunar Surface 


A 

B 

C 

D 

E 

F 

G 


No Return 

Direct Return from Lunar Surface to Earth 
Direct Return from Lunar Surface to LEO 
From Lunar Surface to LLO to Earth 
From Lunar Surface to LLO to LEO 
From Lunar Surface to Libration Point to Earth 
From Lunar Surface to Libration Point to LEO 
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From Lunar Surface to HEO to Earth 
From Lunar Surface to HEO to LEO 
From Lunar Surface to Cycler to Earth 
From Lunar Surface to Cycler to LE O 


Using these orbital mechanics launch/retum options a reasonable orbital solutions matrix used to 
populate and develop a matrix of for the lunar mission shown in Figure 2.3.2-8. 


I Launch Pt - Up Lag From Earth / Lao 

1 Earth To Lunar Surface 

2 Earth To LLO Ops To Lunar Surface 

3 LEO To Lunar Surface 

4 LEO To LLO Ope To Lunar Surface 

5 Earth To Ubratlon Pt. To Lunar Surface 

6 Earth To HEO To Lunar Surface 

7 Earth To Cycler To Lunar Surface 
® LEO To Llbration Pt. To Lunar Surface 
9 LEO To HEO To Lunar Surface 
1C LEO To Cycler To Lunar Surface 


A: No Return 

B: Direct Return From Lunar Surface To Earth 
C: Direct Return From Lunar Surface To LEO 
D: From Lunar Surface To LLO Ope To Earth 
E From Lunar Surface To LLO Ope To LEO 
F From Lunar Surface To Ubratlon Point To Earth 
G: From Lunar Surface To Ubratlon Point To LEO 
H: From Lunar Surface To HEO To Earth 
I From Lunar Surface To HEO To LEO 
J: From Lunar Surface To Cycler To Earth 
K: From Lunar Surface To Cycler To LEO 


' No Return 


Figure 2.3.2-8 Orbital Solution Matrix 


In order to reduce the number of orbit mechanics approaches, the A-velocities to complete either a 
one-way or round-nip mission to the Moon were calculated. All node options were considered 
except the cycler option which was eliminated on assumed cost grounds and operational 
complexities associated with lunar-to-Eanh return and abort scenarios. Because LI and L2 required 
more delta- V, they were eliminated as viable options. The HEO node scenario offers some 
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advantages over using LLO — namely reduced A-velocity budget for the lunar transfer vehicle 
(LTV), however, from an opportunity point of view, HEO has distinct disadvantages over direct 
transfers and was therefore eliminated from further evaluation. 

Figure 2.3.2-9, presents a downscaled orbital mechanics matrix of reasonable orbital mechanics 
solutions for the lunar mission after the libration point, HEO, and cycler options were removed. A 
vehicle stage matrix. Figure 2.3.2-10, was created based on the orbital mechanics matrix. Options 
for configuration candidates now consisted of 10 cargo only options were identified and 48 
crew/cargo were identified. 


Launch Pt. - Up Leg From Earth / Leo 

1: Earth To Lunar Surface 

2 Earth To LLO Ops To Lunar Surface 

3 LEO To Lunar Surface 

4 LEO To LLO Ops To Lunar Surface 


Return - Down Leg From Lunar Surface 
A: No Return 

B: Direct Return From Lunar Surface To Earth 
C: Direct Return From Lunar Surface To LEO 
D: From Lunar Surface To LLO Ops To Earth 
D: From Lunar Surface To LLO Ops To LEO 

HEO, Cycler, and Libration Point Solutions Deleted from Matrix 


Figure 2.3.2. -9 Downscaled Orbital Mechanics Matrix 
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* No Return 


Preliminary operational scenarios and vehicle configurations were developed for each possible 
concept solution in the matrix. Performance analyses were run to determine vehicle propellant 
quantities required to deliver 33 tonnes of cargo for the no return concepts and 14.6 tonnes of 
crew/cargo for the manned return concepts. Each concept was also evaluated for operational 
complexity by determining number of elements, operations/maneuvers, transfers, matings, 
separations, etc. Relative cost data was generated for each concept by determining number of 
elements, ETO transportation requirements based on using a 150 klb launch vehicle, and SSF 
operations. This analysis data was input to an evaluation sheet , Figure 2.3.2- 1 1, where trends 
were identified and candidate concepts were selected for additional study. From a detailed 
evaluation of the cost and operations data and trends, the three cargo configurations shown 
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Figure 2.3.2-10 Vehicle Stage Matrix 


Vehicle 


Landing 

Vahlcla 


~K~E 


1A-1 


12B 


Propellant 
20.9 MT 


Propellant 
119.6 MT 


Relative Coat 

Landing Vehicle 1 

Transfer Vehicle T 

Drop Tanks 0 

Combined Vehicle 0 

Crew Capsule 0_ 

Aerobrake 0 

ETO Transp. 3,f 

SSF Ops 0_ 

Total Rel Cost 5.6 


Total Propellant 
140.5 MT 


Sep from TV 


LV Landing 

Ops ComntayftY 

No. of Concept Elements^ 
No of Rendez/ Dockings 0_ 
No. Engine Burns 2 
No. of Crew Transfers _0_ 
No. of Cargo Transfers 0 
Propellant Transfer o 
No. of Aerobrakes _o_ 
No. of Propulsion Systems 2 
No. of Element/Tank 
Separations/Deployments 1_ 

On Orbit Assembly / Mating o. 


No Return from Lunar Surface 
I lv lcl * *" d s,pan “* u “' dln » v«hici. 


Total Ops Complexity 7 


Figure 2.3.2-11 Typical Evaluation Sheet 
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in Figure 2.3.2-12, and thirteen piloted configurations, shown in Figures 2.3.2-13, 2.3.2-14, and 
2.3.2-15, were selected to be carried forward for additional study. 

A preliminary screening was performed of concepts recommended from the first downselect, some 
new concepts, and some concepts added back from the initial downselect. Twelve concepts- five 
cargo only and seven crew/cargo concepts went through detailed concept definition during the 
second downselect phase. These concepts were evaluated against selection criteria - cost 
operations, mission adaptability, and risk. Five criteria driven concepts - two cargo and three’ 
crew concepts — were recommended for additional study during the final selection process. 


The first step of this phase, screened each configuration through the lunar architectures shown in 

Figure 2.3.2-16 against top level criteria such as LEO requirements and operations, technical risk, 
cost drivers, ground operations, etc. 
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Flgures 2.3.2.14 Crew/Cargo - Recommended Concepts 
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Flgures 2.3.2.15 Crew/Cargo - Recommended Concepts 


SSF 


Cr«w & Cargo Missions 


Two Preferred Options 


Cargo 

Craw 

■ LEO to Lunar Surfaca 

to Lunar Surfaca, Return to LEO 

Cargo 

Craw 

“ Earth to Lunar Surfaca 

to Lunar Surfaca, Return to LEO 


Figure 2.3.2-16 Lunar Architecture Assessment 
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As a result of this screening effort five cargo concepis, (1A-1, IA-3, 3A-2, 3A-3 and 3A-5 

ZZ fW ^ «« «« concepts 

.. ’ . ' 4E ' 3B . and 4E-5 b ), shown in Figure 2.3.2.18 were retained after tl 

preliminary screening for lunar architectures options 1 & 2. Two crew concepts, ( 2D-1 A and 21 
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3A ), shown in Figure 2.3.2.19, were retained after the preliminary screening for lunar architecture 
option 3. 




3A-5 

Bing to Propulsion Stag 
Combined V* hie to 
with Drop Tanks 



Cargo Departs Direct 


1 A-1 

8lng to 8tags Ssparai 
Transfar Vs h to to A 
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1 A-3 
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Figure 2.3.2-17 Carg o Concepts Retained / or Additional Study 
Architectures 1 & 2 - Crew Departs from/Returns to LEO Transportation Node 



4E-2A 

Single Stage Separate 
Transfer & Landing Vehlcl 
with Drop Tanks & 
Single Crew Cab 


4E-3A 

Multistage Transfei 
Vehicle & Separate 
Landing Vehicle wit 
Single Crew Cab 




4E-3B 

Multistage Transfer 
Vehicle & Separate 
Landing Vehicle with 
Dual Crew Cabs 


4E-2B 

Single Stage Separate 
Transfer & Landing Vehlcl 
with Drop Tanks & 
Dual Crew Cabs 



4E-5B 
Single Propulsion Stag 
Combined Vehicle 
with Drop Tanks & 
Single Crew Cab 


Figure 2.3.2-18 Piloted Concepts Retained for Additional Study 
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These five cargo concepts and seven crew concepts were then subjected to more detailed concept 
deftnmon. Top level missions scenarios (outbound and inbound legs) were generated for each 
concept. An assessment of critical mission operations during each mission phase were evaluated 
for criticality 1 operations (loss of crew or loss of mission critical hardware) and criticality 2 
operations (loss of mission - crew returns safely and cargo can be salvaged). Detailed 
con iguration definitions for each concept were developed that included preliminary sizing 
dimensions, and mass properties. In addition, manifest layouts were generated for each concept to 
s ow typical flight manifesting in heavy lift launch vehicles. Hie ability of each concept to adapt to 
other design reference missions was assessed by addressing vehicle element interchangeability and 
pe ormance capabihty to perform other missions. Operational timelines were generated for each 
concept to determine workshifts required at Space Station Freedom for the initial vehicle assembly 
and steady state refurbishment operations. New ground operations facilities for each concept were 
so etermined. Cost data generated for each concept was broken up into DDT&E, production 
operations, and total life cycle costs by vehicle element. Figures 2.3.2-20 illustrates the typical 
e ed data generated for each concept (crew concept 4E-5B is shown as an example). Selection 
cmena and their associated weighting factots were then developed prior to conducting the detailed 
evaluation for each configuration. Four selection criteria were utilized in support of the second 

downselect process-program cost, operational complexity, mission adaptability, and risk These 
criteria are defined as listed below: 
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igure 2.3.2-20 Typical Detail Data - Configuration Definition 

Program Cost. The total cost to acquire and own the system including full scale 

development, verification, production, operations, support, performance 
and disposal. 

Operational Complexity. Addressed the number and complexity of the STV mission 

phases with the emphasis on safety and mission success. 

• Mission Adaptability: Determined the capability of a configuration to capture all or some of 

the STV design reference missions either with existing elements or 
the reconfiguration of an element 

• Risk: The probability of not meeting a technical, schedule, or cost requirement and the 

effect on the program if the requirement was not met. 

The dau from the detailed concept definition was consolidated into four separate selection 
models-™ for each criteria (one mode, emphasized cos, as the prima^ driver ano, he 
emphasized operations, ere.,. The evaluation values were then ranked in order of their v'alue with 
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■he lowest value representing the best overall evaluation score. Selection of the final configurations 
were based on the best selection value from each criteria model. 

-nie amount of influence that the results of the criteria/conflguradon evaluations had on the overall 

selection ranking of a configuradon was determined by defining the weight that each criteria would 

carry unng the selection analysis. These weight factors would be derived first as dictated bv 

programs wants, and second by assigning a set value to a criteria and allowing the remaining 

criteria factors to shift according to program wants. A quality funcdon deployment (QFD) analysis 

was used to develop both the derived set of weighting factors as well as the fixed values shown 
below: 

Cost = 50%, Ops = 30%, Mission Adapt = 2%, Risk = 18% 

Ops = 50%, Cost = 25%, Mission Adapt = 5%, Risk = 20% 

Risk - 50%, Cost = 20%, Ops = 25%, Mission Adapt = 5% 

Mission Adapt = 50%, Cost = 15%, Ops = 20%, Risk = 15% 


Derived: 

Fixed: 

Fixed: 

Fixed: 


*2“ mP ' C “ * ,WS a -lew of the NASA criteria and their associated 

weighting factors showed a very close correlation. 

The results of the derailed evaluation effort provided an extensive database from which the final 
recommendation could be made. With this database was a summary die mass pmpenies for die 
seven crew concepts and five cargo concepts evaluated during die second downselect process A 
summary of the cost data for all twelve concepts is shown in Figure 2.3.2-21. 

Ground processing operadons analyses were based on the quandty of facility modifications and 
additions requtred to support the STV configuration as summarized as well as LEO node 
options analyses as summarized, and a summary of the risk evaluation analysis which was 
used on a qualitative assessment of the probability of not meeting a technical, schedule or cost 
requirement and tile overall ptogram effect of no, meeting drat requirement. 


Us ng the quantttanve values produced ftom the criteria-based selection models, each of the 

For ZZrr* ” ° rder ° f IOW “‘ Selec,i0 " Val “ e 10 l,ighes ' (l0wesl •** best). 
For *e piloted configurations, this produced a ranking ftom one to seven and in the cargo 

configurations, a ranking of one to five. This was done for each of the four selection criteria, 

of th 8 a a ^ SCleC "° n rank ‘ nE Chm “ illus,rated in F 'S“re 2.3.2-22. Based on the results 
e secon ownselect process, five vehicle configurations were recommended for additional 
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study during the final downselect process. These five 
piloted/cargo configurations) are shown in Figure 2.3.2-23. 


configurations (two 


cargo and three 


the piloted^ and cargo v lns o^ cL W " h ^ ° f ' 

common vehicles fZZ ht cT "» *>w„selec, into 

performed to select ,7fi„aTmco ~ l * f ' nal -W. was 

o«co„^ 

^cmnn«nded STV for the lunar transportation mission, a configuration ba^^uMbdityTde 7s 


T:Tzr ssmsto “ e ,he feasibinty ° f — * * 

rnnf . g erS, ° ns of a ^"figuration into common vehicle families Th. r 
figurations (2 cargo and 3 piloted) recommended for additional study from th ! 
downselect were evaluated to detente commonality between the vehicle element! 



FlgUre 2 ' 3 ' 2 ' 23 Recommended Configurations 
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The thrust of this assessment was to breakdown each cargo and piloted conf.guradon into similar 
components and evaluate the commonality between them. The results recommended that the 

famil ' 3 " Ca ?° “ nCepB from ,he second d <>wmelect could be combined to form three common 
R8Ure 2 ' 3 ' 2 ' 24 - - ~ “ - - required 


e nex phase of tfte final downselec. process was to conduct an operational contingency analysis 
Thts analysts addressed each lunar mission phase, detetmined possible contingencies for system 
" S' Md p, ” v ' ded a recommendation on which of dte confiscations ended to have the fewest 

the cldiZeT s '' "““I.' 5 r?' COnti " 8CnC) ' a " alySiS Sh ° Wed "° dear dlScrimi " aK - between 

tes. Since each of the configurations has advantages and disadvantages there was no 

configuration that stood out as being better than the others. 



Figure 2.3.2*24 Common Families 


and „„ P n ^ d b w "“^ Process was to perform a detailed analysis of system costs 
operations. The cost evaluation was based on DDT&E, production, operations and life evde 
costs. As shown in Figure 2.3.2-25, the single propulsion family (4E-5B) had the lowest fife 
cycle cos,, while also exhibited the lowest number ofsh.fts required for initial flight as'emb.y “ 
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propulsion system family was the clear winner. dy ’ the Slngle 

cargo missions. Perfomrance data J lncd . cargo *T *° 

missions, to 25.9 1 for a reusable cargo mission to 14 6 1 for a •> a ■ ^ spendable 

t does not comply with the 33 0 t carao * ’ Piloted mission. Because the 25.9 

P y tn the 33.0 t cargo requirement, an evaluation of the actual n nv i« a 
systems manifested cargo indicated that the 75 o r ™ wv ■ ■ * payload suppon 

mass requiremcrm of 26A6 1 . ‘ CaPab, " ,y * - — ™ge of the ^ 



Figure 2.3.2-25 Life CycU CouiOperaUons Da, a 


Based on this, the recommendation to reuse the cargo vehicles based on n,rf 

one. The final piece of data that urac • j ed on performance is a valid 
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to'" ° PUOn * the IOtaI lunar IranSfCr SyS ' em vchiclc re <l uirem ' : "< is reduced 

g ' eCOStSavingassoc,atedwith these reduction in a vehicle is $0.8 billion By 

,0 one or mote pi,o,ed mtssions, a small portion of cargo, rhe ,w„ renrainin ™ 
nnssron, can be reused. Wirh all three cargo missions flown in ,he reusable configuration ,L 

inCTeaK \ fr ° m $ °' 8 $2 ' 4 bi " i0 " *■*« ^ cargo vehicles also provides 

mal systems checkout pnor to committing a crew to lunar launch. 

Figure 2.3.2^26 illustrates the configuration selected as a result of the final downselect process 
mg c opulsion System Family represents the best STV configuration that suppons the 
— ^ naf ^gnreference missions. Key attributes of this family include 



Figure 2.3.2-26 Final Configuration Recommendation 


- Lowest LCC 

- Lowest number of critical operational failure modes 

s“i!rr™stiL a t s were addre r d durins the stv s,udy - llox “o" - 

• resulted a recommendation that the LLOX node study be suspended until 


50 


MCR-9 1-7502 


.wo key Ptees of data are finely in hand. One is the cos, per kilogram of launching mass to low 

addressed until the ft 153 generatlon surfa <* activity and, therefore, should not be 

dressed until the first generation is implemented, or at least well underwav ■ 

whether U-OX would he profitable are the cos, of goods in LEO 1 he Zof LOX ZT T 

on the moon. Trade stud.es a, this point in time can assume many fac oZ^ 

ZZ Zr r 0Ski ° n ' " " “ *“ aC * Ual data * -rted into the equ“Ze 

ut^ung billions of doUars in second generation activities on tfte lunar surface. 

The other addressed the sensitivities that included impacts to SSF Guidance, Navigation & 

. Impact on Mtcro g Users. Impact on Reboost Logistics, Enclosure Size & Location of 
SSF to supporting the LTS/STV. ation, of 

The impacts to SSF Guidance, Navigation & Control analysis assumed dta, a high-mass LTS is 
pported in a 15.3 x 15.3 m servicing enclosure positioned on a lower keel of the Snac 

This configuration, derived from the November 1989 NASA Odd a ,, P accSt a»on. 

recommended the addition of a lower keeMo s 1 T ’ * HUma " EXPl0ra,i ° n ' 

rZ, ‘^:; 0 s ,°r e LTS is increascd - 

mass to be suppontTslatior reT T add, “° nal ^ maSS ' ° VCT lhe nu,ge of P°«"<ial LTS 
supported, Station TEA wtll remain within the V- 5 degree requirement. 

Analysis indicated the addition of the I m^cc ^ i 

szzzs? sCTvicing encios,,rc ' station cg 

dw 1 ;;: ;r itiz ,ow solar r year is shown - a fu " ctio " ° f lts — • 

-nhHydmzine. 

“ “ additi0 " al (8<XX) lb Hydrazine) for the low solar cycle year " K,rc 

The size to which an LTS could grow within the constraints of the Space Station „ . - 

governed by Unfits applied to the size of its enclosure. The two dimensional consuls are“ 
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Y (or latitudinal) dimension and the Z (or radial) dimension of the Station configuration The I TS 
enclosure ts assumed to be placed in a location bounded by a "lower keel oZZ 
poindng extensions of die miss sanctum connected by a Jo s bZ hl r 
governed by die physical space available on die main miss " 

controllability which govern the extent to which the buss can grow down w^ " SB °° n 


Space Station Sensitivities 
station and the LTS, consisted 


—The sensitivities identified and addressed 
of mass, size, propellant management, and LTS 


between the 
handling. 


space 


Mass impacts were assessed for Guidance, Navigation & Control Mirco-tr and p k„„ 

funcu °- ssf *— - - ztl 

Roll TFA • ^ ’ P H d y3W attltudes ^ f unher reduced toward LVLH, Figure 2 ^ 7 ?7 
attitude increases with additional LTS mass, but over the range of potential LTS 
be supported, Stadon TEA wil. remain within die +/ - 5 degrae resuirenT $ ““ " 



flight Analysis using a Ze„T gUrat '°" a " d m °— -nanagemen. scheme during 
. , y S ‘" S a moma itum-managemem simulation indicates that increased r tc „ 

have low unpact on Stadon control, as shown in Figure 2 3 2 28 
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Miero-g analysis showed that the addition of t tc 

*• ssf — - — . T^r:: 

?r (BB0006,OA, was ^ « * 

no, ,o ex2 , mg ta a, .iT/rn , ^ m0dU ' CS '° 3 levels 

laboratories (US Lab, ESA and JEM pTatACy^r " ** ° f the pressurized 

volume within 1 and 10 microgravity levels Figure 2 3 2 2^" *” 6 Pl0t ^ % ^ hb ° mory 

on a lower keel will not be able to meet this directive. ’ ‘ 3PPreC,able maSS LTS SU PP orted 


umg Control Authority Impacts 

40000 j 

35000 1 

30000 1 

Magnitude 25000 1 
ot Stored I 

Momentum 20000 Baseline Station 

(IMIVaac) Moment Storage Capability 

15000 4. (3500 ft-lb/a X 6 CUQs) 

10000 1 

40000 100000 200000 

STV Mass (kg) 


Figure 2.3.2-28 CMG Control Authority Impacts 
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Jtr : dUrinS 2 ‘° W S ° lar CyCk yCar *“ found t0 1,6 * °f LTS mass 

“ °. n * * ' 0Wr ked “ d Sereid "S «>«™ in^aaes Station pmpellan, use by about 

(S^rr bU ' d0eS ' ,0 ’ “* °"' addhi0 " al P">P“'-" ™dule 

8000 pounds of Hydrazine) for the low solar cycle year. Yearly required reboos, Hydrazine is 

a lower keel *“* ’ *” h 0 " 1 '° W ““ *** ^ yCarS ° Ver ,he ran * e of LTS ™ss on 



The size to which an LTS could grow within the constraints of the Soace Station c 

‘° ^ ““ ° f iK “ Cl0SUrc - Thc •*» dimensional constraints « Tute 

enclose T' 0 " ^ Z (or >“”■« of the Station configuration The LTS 

enclosure ts assumed to be placed in a location bounded by a "lower keel" TLTdJ ” 

g” °T 1,155 CO, " ,eC,ed The boom dtaJTI!. 

— which the enclosure Y £„**"" ^ ““ 

diameter wititin tite enclosure wTllTs^!! 7 , ^ ^ 

j « » " meters, depending on safety factors In rhp 7 

dimension, the limit, as shown, has two components. Forward of the lower keel true 
Plane, the maximum enclosure growth limit is 26.6 meters due to cl^ “ " 

docking the Space Station. Af, of the truss structure plane, the limit is mild 43.8 L rel 
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itier.tiTsiL" iogis,ics moduie a,,ached ,o * “"h**. 

-boos, logistics planning and the sJon"^^ *1"* TsTc f '° T" ^ 
enclosure grows the dra? rrvffi^' » • -As the frontal area of the 

Station for altitude maintenance ““ * * *= *■** 

Station center of gravitv and m' t *“ W ^ mass cause the 

module section. This mo emenT' ZTh' “ m ° Ve IOWer relaIi « 10 - experiment 

^.caniteconsitj::^: — 

One of the key concerns with LTS accommodations at Space Station t~a. • c 

of l Pr0PeUan ' ta " kS af " r they m received a, SSF and prior to assembly JTthte "* 

propeilam^Iks' figure 2^0)“^ 7,1 

relanonshtp between the length of the tether and the CG of SSF m M % ^ ' ^ 

elsewhere on the lower keel outside of the servicing enclosure. *e P-pellam tanks 






Mount propellant 
tanks within enclosure 


OPTION 2 


Mount propellant 
tanks on tether 


option 3 


Mount propellant 
tanks on lower keel 


Figure 2.3.2-31 Propellant Storage Location Options 
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As depicted in Figure 2.3.2-33 the baseline Space Station has at least three mechanical systems that 

7 ■* adapKd “ the LTS ~ These devices are ,he m obi.e servicing system Zbi.e 
^sponer and space staiion remote manipulator system), the unpressurized docking adapter and 

£ 77 htChCS f ° r — W * earners and ptopulsil ml,7o 

ba^ltne space s, at, on tntegntted mtss assembly. The unpressurized docking adapter may be 

modified to allow the LTS or portions of it to dock with die station. The capture latche whlh a^ 
Zt* — -T d,her 3 00 3 25 STS payload trunnion pins, may TZ 

process 7eTob"fe Car8 ° “ ‘ he tr “ SS Pri ° r “ a " d durin e the assembly 

p^cess. The mob, e serv.cng center or some derivative of i, is necessary for the perfotmance of 

use in the^f T A, ‘ h0U8h * ° f SSF ^terns oan be adapted for 

facilnv h,n „7 gram ' "* ““ ^ ““"a"**' S ^ SKms for the LEO servicing 

factltty ,ha, wtll be untque to the LTS program. These include an LTS core stage handling ft , 

clc SUP 7 HardWare ' LTS S ‘ aCk *■**"“ *** and enclosure opening aTd 

operational , 7- ^ deV '“ s w '" havc 10 ** nTO 'c dearly defined so that their functions and 

operational complexity may be better determined. ° 
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W StOti0n Mechanical Devices to Support STV Assembly 


The baselined assembly complete space station provides a maximum of 75 kW f r 
photovoltaic power modules This 75 kw r • maximum of 75 kW from four 

station user payload Z? Wi^ , ^ “ SP "‘ housekeeping and 

ci jwyioao power. With no surplus of power in the Dhaw* T SSF an r -re 


^° Add,tK>f]al SSF Crew Required) 


SSfPtm (kW) 


(Includes Facilities for Additional Crew) 



Figure 2.3.2.34 Impacts of Providing Power to the LTS Configuration 
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2.4 Subsystem Analysis 


Wi,h the completion of the system level and mission studies as well as a LTS configuration 
ommen anon, there existed sufficient data to support a detailed and comprehensive study and 

ef^rr T SUbSyS ' CmS ‘ ha ‘ ^ “ P ' he LTS ' Thro “S h ^ configuration analysis 
suh 7 S “ bsystems were ldcnur ‘ cd; avionics, propulsion, and aerobrake. The avionics 

a Jr addre “ ed P ° Wer - Wei8h1 ' equipment, and technology issues with 

goal provide stgntficam program payoffs. Propulsion studies addressed primary propulsion 

I' reaCU °" -1, as utilization of the propellant to support Z'Zt Z 

FigZVJTZ A ,rT e T S fOCUSed ar0U " d ma,erialS - design - and operational issues 
and analysis task. ' “ P SUbSySKm aCtivWes have widl > he overall study 


analyst 0 cargo ° f ’ re, ’ uirem e" ls «« defined as a result of this rask 

analysis:' 1) reliabihre and m ‘ SS '° n ’ p,Dvidin8 tw0 P rima ^ «- of 

y maintenance, and 2) guidance, navigation, and control. 


— 
Syst sms 

Reusability vs 'I 
I Expandability J 

Lunar LLOX J 

Aeroassist/AII Propulsive ^ 

n 


Configuration Analysis 

H — — *-L 


I Propallant Ssrviclng Analysis ^ I | 


Mission Ops 


SSF Accommodations 


LS Facility Analysis 


Ops Analysis 
Ground Ops Analysis 



\ \Q\ 


Hardwara Tachnoiogy A Salaction ^A nalysis' 
Rallabiilty A Maintainability 




A Navigation Analysis 


Daslgn Analysis 


Matarials Analysis 


; Z//^fr/////A 


*Mn Engirt* Studies 


Fluid* Studies 


Auxiliary Propulsion Studies 


Interfaces A Sensitivities 


Interface Studles/Anslvsl s 


Ground Facilities An alysis 
SSF Sensitivities Analysis 


J 


Figure 2.4-1: System/Subsystem Study and Analysis Relationship 
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above 96 percent for electrical devices requires the use of redundance W ^ 

subsystem designs for space vehicles have achieved outstanding reliability ^1,^ 

cos, to mamtain them is considerable. For example, during L desilTZe of * f ? 

program long term maintenance requirements received little emphasis The S * 

from the STAT\ mnfo ^ ^ The recommendation 

:r sysKms <- addressed 

6 urnase a in order to achieve the required reliability levek Ana w r- 

•ypes of navigation systems required for deep space missions » shore , ‘ WO 

inertial navigation unit anH a ’ s ^ ort term navi gation using an 

board au,onomMs U navt^M(^ an T^ V lJNS "(La^ 16 ! 8 SCdood'based ranging oron- 

Transfer Orbit Stage (TOC Z System, used 

r - r^s z-zzrzrr 

pursued. g ea ln a hex -head configuration are being 


meet the FO/FO/FS requirements of manned P ^ ^ CUIIent COmmunicatlon systems to 

board opdca, navigators Figure 2 4 2 reT SyS,emS " *““• ^ dwlo P"™ ° f 
navigation. * 2 ' KPKXm * "' w I*™* for long duntdon autonomous 

r “ *r “■ - — 

Marietta proposes that the LTS/STV nm ? h ,• ° brake deceIerati on system. Martin 
in NA SA s l ned s guidance, cureently implemented 

qu7nTC,'Tvol"tiI™nuid 3 ^ ° fin,ens,: “**«• (W«. 

type, thickness), and RCS (type, sire locadon) Aldto h mSU ‘ aIi0n (boiloff ’ 

baseline for the STV studv L' , AUh ° Ugh CIyof! ' mc P ro Pc«a"t was the primary 

STV study, three types of engtnes were inidally evaluated as candidates for ure 
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7 C ° f ^ 

(NTR). The storable engines fall into two categories - 
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pump-fed. such as «he XLR-132 engine and pressure-fed. mos, likely the Apollo Lunar Excursion 
E M n 7rr; E " 8ine ' ThC NUC,ear “ R - k « -Si- were based on NERVA ZZ 

tee different engine combinations is shown in Fig! 2.4-4 PanS °" ° f 


Cargo 
LEV Crew Module 
LTV Crew Module 


: 15 . 9 1 
: 4 . 4 1 
: 8 . 4 1 



L LTV/LEV Engines * 1 

Figure 2.4-4 IMLEO vj Engine Selection For First Flight ’ 

JLTZT ° f SPaCC baSinS * SyS,em iS Cff °" » » Pe-tom engine changeout 

rs u rn:~'S - r ™ “srtzr: 

LEV. optimum ihrus, and ** ^ 7 

I„tr Si ° n engi " e ,hrUSt ° P “" range require d. J TseJZTo 

A detailed evaluation was made of the fluids required bv the LTS/STV „ k- , 

itoiy ,o i * expendabie ^ - w « a!! w “ is 
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Figure 2.4-6 STV Main Engine Changeout Scenario 


basically a core vehic^le^Tfor nea^^ 1 h that ** LTS/STV is operational, but is 

tanks. Since the ultimate cost of the ^ ^ miSSi ° nS ** ^ ** require ** 

fluid schematic for the core ^ZcZoZ T* 

— ^ - * — - 
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Shown ,0 be autogenous. The RCS system is shown as i, might appear using a H/O system with 
g nerators providing heat and power to gasify the propellant and allow storage as a high 
pressure gas. Fuel eel, hydrogen and oxygen, and oxygen for the crew is supplied llu 
molecular Steves. Engtne functions do no. require helium. The implementation of this schematic 
o the operational system is shown in Figure 2.4-8, including the routing of the propellant line 
m t e drop tanks to the core vehicle and from the core vehicle to the aerobrake. S 

TabU 2.4-4 Fluid Syste ms Support Required of ETQ & SSF 


Initial STV 
Mission 

H/O Supply-Core 
H/O Vent 

GN2 Purge-Cargo 
Bay 

HP H/O-Integral RCS 

(Technology Driven) 
H/O Supply-Fuel 
Cells 

HP He-Engine 
HP He-Tank Pressn 
Hydraul Fluid-GImb 
Act 

N2H4 Supply-RCS 
' N2H4 Haz Vent 


Operational STV 
Mission 

H/O Supply-Core 
H/O Vent 
Gn 2 Purge-Cargo 
Bay 


H/O Supply-Fuel 
Cells 

HP He-Engine 
HP He-TankPresn 
HydraullcFluid-GImb 

Act 

N2H4 Supply-RCS 
N2H4 Haz Vent 


GEO or Heavy 
STV Mission 

H/O Supply-DropTnks 
H/O Vent 

GN 2 Purge-Cargo 
Bay 


Lunar Mission 


H/O Supply-Fuel 
Cells 

HP He-Engine 
HP He-Tank Pressn 
Hydraulic Fluld-Gimb 
Act 

N2H4 Supply-RCS 
N2H4 Haz Vent 


SSF 

(or other node) 


H/O Supply-Core 


(Technology Driven) 
H/O Supply-Fuel 
Cells 

HP He-Engine 
HP He-Tank Pressn 
Hydraulic Fluld-Gimb 
Act 

N2H4 Vent-RCS 


H/O Supply-Drop 
Tanks 


H/O Supply-Fuel 
Cells 

HP He-Engine 
HP He-Tank Pressn 
Hydraulic Fluld-Gimb 
Act 

N2H4 Vent-RCS 


H/O Supply-DropTnks 
H/O Vent 

GN 2 Purge-Cargo 
Bay 

LN 2 Supply-Breathing 
H20 Supply-Crew/ 
Shield 

H/O Supply-Fuel 
Cells 

HP He Engine 
HP He-Tank Pressn 
Hydraulic Fluld-Gimb 
Act 

N2H4 Supply-RCS 
N2H4 Haz Vent 


H/O Supply-DropTnks 
H20 Supply-Crew/ 
Shield 

LN2 Supply-Breathing 

H/O Supply-Fuel Cells 

HP He-Engine 
HP He-Tank Pressn 
Hydraulic Fluid-GImb 
Act 

N2H4 Vent-RCS 
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Kev Foatyrcg 

Autogenous (No Helium) 

JJSS! F “ C •' l, ,nd Br ** l,lln ° O^gm. Altor Peking Thn, 


Figure 2.4-7 Core Tanks Propuhion ~i Fluid, Schematic 


Propellant Feedlines 
to Aerobrake Return 
ks 





[ Propellant Feedlines 
to Drop Tanksets^ 








Figure 2.4-8 Propellant Feed System 
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s,udy inc r samns "* — - 
rirs;: Thcse — ■ *- - — * — — £ ::: 


Advantage 
Autogenous Helium 
LOX Pressurization 


Cost 


Equipment Weight 

Complexity 

Risk/Reliability 

Responsiveness 


Vehicle Performance 
Effect 


Operations 


Comment 

Equipment Costs May Be Similar. Operational Costs 
Kl2n?^’ l " S A ” Ummlna 

-f'V-o 4 k9) f °, r AUt ° 9enOUS a 9 a,nst 1388 lb (631 

S' •' Ar. Similar sine. Similar 

Types of Components Are Involved. 

Slightly Greater Risk Is Associated with Helium 
Pressurization Due to Higher Pressure Requirement 
(3500 psia vs 300 psia for Autogenous) 

Xnk Co^fil. 0 ? te « ,m,na ‘ #d - ^on-condensible GHe in 
Tank Complicates On-orbit Resupply 

iftlTp Jo." 1 * n " a98 *?** '* Uft for GHa Pressurization 
Carry an Additions. 2119 lb (961 kg) of Props, lam 

Autogenous System Reduces Number of Dfferent 
F ulds That the Vehicle Needs To Carry by Completely 
Eliminating GHe Usage and Eliminates On-orbltGHe^ 
Resupply Requirement 8 


F.gure 2.4-9 LOX Autogenous v s GHe Pressurization Summary 

*—• »- — 

surface and onorbi, (Rgure 2 Z Z u ^ ** ^ ^ ^ » "« 1— 

MU/Boiloff Weigh, Parametric* P ff r"™ Under low «""* condi, ions. 

Size on Boiioff ' " ““ W « B °«°* - Hffeci of Tan* 
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LH2 Lunar 
Propellant 


MU Blanket 
Thlcknaaaaa: 


■ Unshaded Tanka I 
** Shaded Tanka I f 0.25 

Assumptions: ^ 

" r**? l )?. ,n,uta,,on < ML, )Only c J 0.20 

• Tank LH2 Capacity: 1440 kg o _ 

V eg 

X. £ i 015 

1 1 0 . 10 


100 1S0 

Insulation Mass, kg 


/ 0.05 



50 100 150 200 

Insulation Maas, kg 


Preliminary Insulation Configuration: 

* BWI1 ^ Bo! loft 

Figure 2.4-11 LEV Insulation Study Results 
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system sizing RCS 7h ^ "T COrreSp0ndlns ,hmst lcvels r ^,rtd for the LTS/STV included 
FUure 2 . 4 “ " y ° U ' ( gUrc 2 ' 4 ‘ I2) ' ^ RCS SySKm °P d ™ ^b.e 2.4-5 and 



/?C5 System Options 

Option? if Advantages 

Space Based V 1 


Disadvantage 


BiPropellant 
MonoPropellant 
Cold Gas 




Cold Gas 


Bl Gas (H/O) Bi Gas (H/O) 


Cryo (H/O) 


Supercritical 

(H/O) 


Potentially Simpler 
System 


Emerg. Return to EO 
Useage Flexibility 
High Flowrate 
Good Long term Stg 

Low Pressure Storage 
High Density Storage 
High Isp * 

Low Pressure Storage 
High Density Storage 


Low Performance 
High Pressure Storage 
Low Density Storage 

High Pressure Storage 
Low Density Storage 
Complex System 

Large Thermal Losses 
Poor Long Term Storage 
Complex System 

Low Flowrate (Prepres or 
High Demand RCS) 
Poor Long Term Storage 
Complex System 
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The aerobrake appcars [0 Mori a somwhat ]ower risk approach basw| ^ 

:rr°: s - At ihis ,ime - h ° wver ' * •»«« - k- ^1^ on . 0 z 

“ ed a0 " 8 W " h thC ° thCT lde " Iificd potential advantages, are sufficient to watrant the 
ued to pursuit of flexible and rigid designs. Also, it appears that further optimization of the 

- h — ~ - - -- 

S structures analysis and study activity conducted in the STV Study 

P gran, ptovtded an ,„-depth assessment of die LTS smictural material and design configuration 
T^e pnmary area of focus surrounds the design and materia, selection for the propellant nudes’ 
These areas represent a significant impact on the overall transportation system 

!f° T mb ' y reqUirememS ' The methodol °gy used to analyze conventional’ 
na nested-dome tank configurations consisted of two phases The initial nh« ^ . 

~„ded design for both the tank domes and the interconnecting structure for thete^ 
nested dome configurations. The intertiude design is shown in Figure 2.4-16, the design 
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for the nested dome configuration is shown in Figure 2.4-17. In the second phase, these designs 

were evaluated for weight, estimated cost impacts, schedule impacts and constraints, and tooling 
impacts. 



The study's recommendation is that the intertank configuration remain the baseline design since the 
small weight reduction provided by the nested dome configuration does not offset the additional 
schedule risk and manufacturing difficulties anticipated with the nested dome configuration. 

Another study was a comparison of 2219 A1 Alloy with the baselined Weldalite™ to determine the 
most cost effective structure. Key issues addressed were weight, cost, and producibility. The 
basic system impact is manufacturing the various vehicle components, one of which is the 
propellant tanks. Due to the near term cost of Weldalite™, a trade on the weight benefits of 
Weldalite™ against a more cost effective method of manufacturing propellant tanks was suggested. 
The analysis was conducted in two phases. The initial phase produced a recommended tank set 
design using both Weldalite™ and 2219 aluminum alloy material. In the second phase the designs 
were evaluated for weight, estimated cost impacts, schedule impacts and constraints, and tooling 
impacts. The recommendation emerging from this study is that further analysis will be required as 
the configuration definition matures. If weight/performance is most critical, Weldalite™ should be 
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incorporated into the design since it represents a weight saving potential over 2219 aluminum alloy 

as well as processing increased mechanical properties. If material cost is key, 2219 aluminum 

alloy should be incorporated into the design because of its manufacturing cost advantages, which 

have been established through proven manufacturing techniques and tooling requirements An 

alternate approach would be to use Weldalite™ for the more highly stressed components and 2219 

aluminum alloy where section properties are believed to be more important than mechanical 
properties. 


Crew Module Analysis— Hie analysis and study activity perforated against the crew module, 
provided the operational and design data incorporated into the final LTS configuration 
recommendations. The primary areas of focus involved the basic configuration of the crew module 
itself as well as specific operational concerns addressing crew visibility. Results of these studies 
include LTS crew module configurations as well as key life support and safety issues relative to 
operation and rescue. The objective was to select an overall configuration for the crew module(s) 

st suited for the LTS mission. The key issues addressed focused on whether the crew module(s) 
rwpnre a new design, a modificadon of the Apollo design; one or two modules; or a hybrid version 
being developed as pan of the LTS; and whether the LTS crew module(s) should incorporate an 
EVA air lock or if depressurizing the entire cab would be necessary. In addressing these issues an 
assessment of the operational scenarios determining crew module quantities based on nodal 
operations - such as rendezvous and docking functions in Low Lunar Orbit (LLO) - and 
determining the sensitivities of differing crew module configuration to mission scenarios the 
operational concepts, and demonstrated growth capabilities were considered. The analysis 
nrethodology approach to analyze the crew module configurations was comprised of three primary 
p ases. ase I addressed the feasibility of developing a new module versus using the Apollo 

P r: " ° PttmiZed ' h,: qUami ‘ y ° fm0duleS - onc ' » » hybrid configuration; and Phase 

pva ^ c m ° dUle SenSltlvl,,es ° f mass vol “"« based on depressurization or addition of an 

EVA airlock. 

Comparison of the LTS crew module to the Apollo Command Module (CM) and the LEM was 
difficult as the mission requirements are drastically different. New modules is the preferred 
recommendation over modification of modules designed for different requirements. A derivation 
of the CM could be used as a crew rescue vehicle; although currently this is not an STV or SEI 
requirement. Based on this study the hybrid crew module concepts pravides no advantages over 
either the single or separate module concept. The selection of a single module appraach versus the 
two separated modules is dependent on the final LTS configuration. Separate modules are the 
recommended approach at this time if the LTS is made up of separate transfer and landing 
(excursion) vehicles; a single crew module is recommended for an LTS that employs a common 
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transfer and landing vehicle. The weight and volume impact for implementing an airlock system in 
the crew module are extreme; however the entire module can be repressurized enough of times to 
meet all EVA requirements for a minor weight penalty of 3.5% of the module mass. Therefore, 
our recommendation is that the cabin be depressurized then repressurized to support EVA 
activities. The design of the crew module will also incorporate the appropriate number of windows 
for viewing all critical operations. Every effort will be expended to assure adequate window 
viewing to provide as large a FOV as possible. Figure 2.4-18 shows the current crew module 
configuration and the available FOV in both the vertical and horizontal planes, windows have also 
been provided allowing the crew to observe the rendezvous and docking operation in LLO. 
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3.0 STV CONCEPT DEFINITION 


The STV Concept Selection Trade Study analysis shows that the lunar missions impose the most 
stringent STV requirements. The approach has been to develop a vehicle that meets the design 
requirements and then evaluates the design to identify the elements that best satisfy the mission 
requirements for a ground-based STV, a space-based STV, and finally a Mars mission profile. 

The STV concept definition for a lunar mission vehicle is based on the requirements in the STV 
Statement of Work with additional derived requirements from the Option 5 Planetary Surface 
System documents, and the system trade studies and analyses. These studies and analyses 
recommend that the orbital mechanics designated as Lunar Architecture #1 (LA#1) best meets these 
requirements. LA#1 uses a LEO node as the start and finish of the lunar mission for both crew and 
cargo flights. The LEO node is used for assembly, checkout, and refurbishment. Additional 
elements of the orbital mechanics require the vehicle to orbit in Low Lunar Orbit (LLO) before 

descent, to have a lunar trajectory with a free earth return abort scenario, and to return to the LEO 
node via aerobraking. 

Once the lunar mission profile, shown in Figure 3.0-1, was selected, the following key design 
drivers were integrated into the development and definition of vehicle configuration candidates. 

a) The system shall deliver 14.6 tonnes of cargo and 4 crew to the lunar surface and return 

b) The system shall deliver 33.0 1 of cargo on an unmanned flight to the lunar surface 

c) The LEO transportation node shall be Space Station Freedom (SSF) 

d) The propulsion system shall use cryogenic propellant 

e) The system shall be reusable for a minimum of five missions 

THese design drivers were also filtered through the subsystems trade study analysis and finally 
incorporated into the vehicle design. 
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3.1 LUNAR STV CONCEPT DEFINITION 


The STV consists of a family of vehicles which share common elements performing both cargo 
and ptloted/cargo m.ssions such as GEO delivery, lunar, and planetary (Mars mission). That 
portion o the STV family that deals with the lunar missions is called the lunar STV or the Lunar 
Transportation System (LTS). The LTS is comprised of two mission profiles: („ the cZ 
mtsston capa le of delivering 33 tonnes to the lunar surface and (2) the piloted/cargo mission 
capable of dehvenng a crew of 4 plus 14.6 tonnes to the lunar surface. 


According to a derived study requirement, the final cargo and piloted vehicles would share 
common elements, producing a family of vehicles tha, have common structural core, propuls, on 
monies equipment, drop tanks, and can be configured for either type of mission with no 
major modification to these elements. The definition „f each vehicle confLadoTZInce 
and mass properties are discussed in the following section. 


c; t , r* r ■ " - “•»* 

rigure 3.1 1. A crew module, six drop tanksets, and an aerobrake 
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3 - US,ng a PP roxi ™«ly 174 tonnes of LO2/LH2 propellant. TEI a^OI^oplllLns 

” S . * ° P Unk sets ’ ascent “t* des oent propellant is found in the core, and the return 
rope ant is housed in two sets of tanks within the aerobrake. The 13.72 m rigid aerobrake has 

Essr pro,eci the crew durins ,he 


Cargo Concept Overview-The LTV cargo expendable configuration for the , 

rZTziTo* Trz r™ uk carg ° ~ bic c °^°- 

propulsion/avionics core. The cargo vehicle dry miss is "i 8.75 ronnes "T' 'd'r *° 

cargo to die lunar surface using 146.5 tonnes of LOj/LHj propellanHoaM intoL^punk 

Performance Overview-Missions designed for the LTS include piloted, cargo expendable 


o 



Front View 

(Front Tanks Not Shown) 



Side View 

• Single Propulsion System 

• Common Propuleion/Avlontcs Core 

• Large Cargo Platform - 144 mx 10 .S. 

• Required Cargo Maae - 33.0 t 
-w/ Propellant Maaa - 146 . 5 1 

■ Maximum Cargo Maaa - 37.4 1 
* w / Propellant Maaa - 161.31 


Plan View 


Figure 3.1-2 Cargo LTS Configuration 
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and an optional cargo reusable. Vehicles sizes, capabilities, propellant loads, and IMLEOs were 
detenmned based on the cargo requirements and the groundrules established for the STV study 
The p.Ioted mission (crew plus 14.6 tonnes of cargo) was found to be the vehicle sizing driver 
Once the baseline vehtcle was determined, the cargo capabilities shown in Table 3.1-3 defined a 
max, mum capabthty for an expendable cargo mission of 37.4 tonnes, or 4.4 tonnes over the 
required capability. The required delivety of 33 tonnes of ctugo is met by offloading 27.5 tonnes 

o prope ant. The optional cargo reusable mission delivers 25.9 tonnes of cargo with a full 
propellant load and returns to SSF. 



3.2 SUBSYSTEM COMMON ELEMENTS 


The common propulsion/avionics core shown in Figure 3.2-1, represents the heart of the single 

ar:r„ y rjn ,y ? ,cie ' crew moduie ’ -*> » r ^0™, and dro P 

tanksets can be added to form various configurations allowing the STV vehicle family the 

rr:r p,ure o,her missions ' nt cm c ° nsis,s ^ 

L02 anks), pnmary structure and the four landing legs mounted to the lower cross beam and 
cnttcal subsystems. These are the propulsion system, tha, is made up of five Advanced Space 
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Engines (ASE), RCS, GN&C, communication & data handling, power, and thermal control, 
able 3.2-1 provides the core vehicle mass properties breakdown, including these systems. 


Piloted Configuration 


Cargo Configuration 
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ctL '" S SeC ' i0n deSlS Wi ' h ' he SaUCUm> e,ements «f' <•» propulsion/avionics 

. The elements include the airframe, the core and drop tank sizes, material and mass the 

meteoroid and debris shielding, and the genetal arrangement of die equipment located ini com 

ZTT I dCt f SWe,din8 SiZi " g reqUiremen ' S " d " iP section of the 

tubt -.h f° pu ‘ s,0n/avl0n,cs core P™^ structure is composed of graphite epoxy square 
tubing with aluminum end fittings forming two trusses consisting of a lower and upper box Lam 

I'' ,OI » ^ lower cross beam is the duos, frat, equipmeT 

27 a " d SUPP ° n Stn,C,urc fOT 1,16 >“<«”* logs. The upper cress beam supporis the cargo 
P atform, crew module and payloads. The secondly structural membeis are graphite epoxy reund 

for the Z “'til Z" de ^ ' WOm,SSCS ^ “ d *»» - — S btaces 
2 an s. Figure 3.2-2 gives an overview of the major core structure. 



Ctme Tanks-The isomedic view of the prepulsion/avionics core shown in Figure 3 2-3 locates 

r„t“' h H2 r Md 1 L ° 2 Bnk - ^ ^ ^ ^ -the sir 

to dit L 7' 5 SySMm compon ™ B - Gra P»i« polyimide debris shields are attached 

Z ZZl 2 COrc ~ ,0 provide — teoreid and debris pretecdon fo t 
n. deoils of the prepulsion/avionics core onks are shown in Figure 3 . 2-3 The foL t 

uuiks, composed of aluminum-lithium spun domes and isogrid barrel panels to con ZZ^, 
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are spaced symmetrically around a center L0 2 tank and mounted to the upper and lower cross 
beams of the core structure. We L0 2 tank is 4.4 m in length ami 2.9 m in diameter, and the LH 2 



'gure 3.2 3 Isometric View of the Propulsion! Avionics Core 


rrirrr 8 ” 6 3 - 2 - 4 shows ,he 

be na ck P a • 6 P aCCmCm and S1Ze ° f ** P r °P e,lant tanks allow the subsystem equipment to 

water, ij n rm ^ ’ IUSSeS “ d ' h,: tanks ^ various tanks for potable 

the other two ' Th ' ^ ^ PaCkagCd 10 tW ° ° f 1116 four ba y s with th e fuel cells occupying 

d^e other two. The avtontcs equtpmen, bays are located in the space formed by the upper Iss 

beams. Wts equtpmen, is packaged around the top and sides of the veh.de to provide tJTss Z 



Drop Tanks-The LTS cames two tank arrangements, one on each side of the vehicle each 
cons, sung of three drop tanksets (2 WJ and 1 LOI). Figure 3.2-5 shows the details of a repica, 
arrangement. The two TL, tanksets attach to the center LOI tankse, using struts wi^end 
fittings nstng c„p-m locking pins. We LO, tankse. is directly mounted to the core structure ulg 
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fa J" * 
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Arionica 

Bays 

(4 PIMM)!’ 


Pi**l Cftflt 
(4Ptac#») 


Mvchanlsm* 
forUgi * 
(4 Plactt) 



Docfctng Arms 
(4 PlacMl 


F,> “" J Paging for the Propulsion/ Avioni 


vionics Core Equipment 
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“ ", 7 ™* ™.»- 

TLI bum leaving the LOI tanksetTth ”he vehfelH^r IXO^ U ’' m “ ^ SeParaKd ‘ he 

Tanksamconsimciebofaluminum-bibi::;™ "7 

“ e CO ""^ d * raphice-epoxy sfruts and frames, and ft wiibin aTm ^ m 

(SOFT) and muld-layer bi^atiOT^MLI)!^ hdL!m p^smi^OT sys(e^imd'irs'ffw^'* nSU * at * 0n 
integrated into each tankset . y m and instrumentation are 

Propulsion System 


main Engine 3'““ wbicb consists of dte 

associated feed lines’ * Pr0pCllam managem ' nt propellant tanks and their 


Engines - The layout of the main propulsion engines is shown in Figure 3 2 6 Fi „ „ 

space engines are mounted to the lower cross beams of the core spaced mem r 
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Anachmem of the engines ,o ihe core occurs through vehicie/engine earner plate quick disconnects 
allow, „g easy change ou, during surface or in-space maintenance. The vehicle camer l e 
."corpora, ed tmo the lower portion of the box beam engine support The engine is assembled oZ 
anengtne earner plate mcluding all of the engine interfaces, which is then mated with the vehicle 

are shownTn Rg^ "Tg ^7" FlS “ re 3 ' 2 ’ ? ' Additi ° nal de,ails ° f the en 8 ine carrier plate 

8 • • The disconnects penetrate the vehicle carrier plate and lock into place 




83 



MCR-9 1-7502 


to complete installation of the engine. A common engine interface approach was used to allow 
different engine versions to be installed as upgrades are made or for the tailoring of the engine 
configuration to specific missions. 

Reaction Control System (RCS) - The LTS RCS thrusters consist of two separate systems as 
shown in Figure 3.2-9, one located on the propulsion/avionics core and the other on the aerobrake. 
Six degrees of freedom, with redundancy, are provided for each vehicle by its 24 thrusters. The 
RCS system is self contained on the core, totally separate from the cargo and crew module. 
Variable thrust levels arc used to accommodate the wide variation in vehicle mass during a mission. 
The thrusters at the upper end of the core vehicle are inactive when the vehicle is fully assembled. 



Drop Tank Feed Lines and Disconnect - Feed lines connect the two TLI tanksets (both L02 and 
LH2) through an umbilical to the LOI tankset that then merges at an umbilical connection to the 
core tanks. When the TLI tanksets are separated after TLI bum, the propellant disconnect is made 
at this TLI/LOI umbilical, with the LOI disconnect made at the LOI/core tank umbilical. Figure 
3.2- 10 depicts a typical fluid schematic for each of the tanksets. 


84 



MCR-9 1-7502 



zr - ,o ,he core - - 

i:zii F :t u :: ;!x r ; zn rrr ,he fl ; w of "• from ftc — «— » 

aerohralce, umbilical conn o "°^T ** 
separate L02 and LH2 lines ate routed along the co re structure °' her) ^ ^ 


propulsion/avionics core handles all e ’ vlonlcs system, located tn the 

F onics core, Handles all cargo operation functions and interfaces with ,i,„„ , 

in the crew module during the piloted oneraHons Th- 'menaces with those elements 

Guidance, Navigation and Control fGN&Cl ^ r “ C ° mpOSed of Iw0 ma j° r P™PS, 

Mngmt). Tables 3 2-2 1 2 3s Communication and Data Management (C&D 

gm 3.2 2 & 3.2-3 summanre the components, their quan, ides, and total mass. 
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Table 3.2-2 Guidance, Navigation . & Control 


components 

IWIU( 3 RLG & 3 PMA) 
GPS Receiver 
GPS Antenna - High 
GPS Antenna - Low 
EMA Controller 
RCS VDA 

Guidance & Control Total 

Units 

2.00 

2.00 

2.00 

1.00 

2.00 

32.00 

WT 

24.00 

20.00 
5.00 
5.00 

10.00 

0.50 

Total 

48.00 

40.00 

10.00 
5.00 

20.00 

16.00 

139.00 

Star Scanner 
Navigation Total 

4.00 

6.00 

24.00 

24.00 

Landing Radar Altimeter 
Rendezvous Radar 
Landing Radar Electronics 
Lander Antenna 
Landing & Rendezvous System 

2.00 

2.00 

2.00 

2.00 

25.00 

25.00 

49.00 
5.00 

50.00 

50.00 

98.00 

10.00 
206.00 

Pan Tilt Cameras 
Video Recorders 
TV System 

2.00 

2.00 

15.00 

15.00 

30.00 

30.00 

60.00 

GN&C Core Total 



431.00 
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Table 3.2-3 


Com munication and Data Manag ement 

Compon ents 2 

GPS Antenna System 
STDN/TDRS Transponder 
20W R.F. Power Amp 
S-Band R.F. System 
UHF Antenna 
UHF System 
TLM Power Supply 
Enclosure Box 
Communication 

GN&C Computer 
Master Timing Units 
Health & Status Computer 
TM System 
GN &C IU 
I Enclosure Box 
Data Management 

| C&DM Core Total 


1 5 

WT 

.00 

Total 

30.00 

15 

.50 

31 

.00 

6 

00 

12 

.00 

50 

00 

100 

.00 

10. 

00 

20 

00 

10. 

00 

20. 

00 

7. 

00 

14. 

00 

26. 

55 

26. 

55 


20.00 

5.00 

20.00 

22.00 

10.50 

25.50 


253.55| 

80.00 I 
10.00J 
80.00 

44.00 f 

42.001 
25.50 I 

281. 50 J 

535. 05 I 


aboard “ Pr ° Vided by f °“ r fUd Ce " S similar to *«* 

Each fuel ceU delivers ,2 k „ ^ 

provides 32.5 V and 61 5 A Thf ,• ) d an average output of 7 kw. 2 kw 

water during the mission Emergent- ^ ** * by ' product of lhe fuel cells provides potable 

summarizes L P "~ “ batteries. Table 3.2-4 

tne power supply components, their quantities, and total mass 


ab e 3- 2-4 Power System - P /A Core 

Power System - p /a Cori 

Fuel Cell System 
Radiator System 
Residual H20 System 
Batteries 
Power BUS 

Power Distribution Equipment 
Wlring.Harness, & Connectors 

Enclosure Rav 



“o*“ 1 r-r 

SSF, for the environments to which the STV element, U ^ 31 ** HangCr at 
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Probability of No Impact (PNI) = e xp( - Flux x Area x Time) = e -(N- AT) 

If "N-A-T" is small (reliability is high), then PNP = 1-N A T. 

The figure defines die particle environment and the critical flux for 0 09955 PNI for le • • 

phases. The PNP (which mvprc ♦»,„ .• i . PNI for key mission 

„ covers 11)6 entire velocity and obliquity spectrum) for STv „i 

well as the threat must be higher than 0 9955 if th. „ „ I ^ m) for STV dements as 

^^^taTZrr 

STV - Flux vs Diameter 


Tanks out 
of Hangar 


or Larger [impacts/m fyear] 

1E4 k 


Lines for 0.9955 PNI per Failure Mode 

1000 fcV 

h aa r « 

Larger Threat for 0.9955 Overall Reliability 
Flux = (l-PNIj/Area/Time 



Meteoroids 

01 I V 

j (0.5 g/cc 20 km/s) 




Core on Moon 




' Meteoroid Exposure 
Hangar 2000m A 2 


Lunar Ejecta 

(2.5 g/cc O.lkm/s) 

Debris 

w/ avoidance 


years 0.9955 PNI 


Debris 
— — 

(2.7+ g/cc 8 k m/s) 


10 


100 


°°' 0.1 , 

Diameter [cm] 

"gure 3.2-12 Particle Environment vs Critical Flux 
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and obliquity versus the perfotmance of optimized multdayer shield designs. Table 3.2-5 ptovides 

w^H ,d 8 SWCld “ ^ ^ - function ^ ~ panic, e size Multi 

shields are not as effect, ve a. 3 ktnfs or for 45" obliquity impacts as they are for normal 

tmpacts at 7 km/s s.nce the debris panicle does no. fragment as well, therefore the total weigh, of 

shield increases to account for the non-op, imura performance. The design of the hangar shield 

r;,::'r A 'T Bns r ,oM under ^ Marie,ta ir& °- «> ^ NASA 

»d the U.S. A, r Force Defenstve Shields Program. The lunar ejecta shield thickness estimate is 

TZ7 r “ me W “ h addlUOna ' da “ 10 Prided as dtey become available. Composites 
isuc cloth may be much more effective in stopping that velocity of a panicle than the 

estimated weight of monolithic aluminum. P the 

Table 3.2-5 Shielding Req uirements As a Function of Particle Size 
STV - Shield R equirements 

^Areal Density of Shield is Proportional to Diameter of Impacting Panicle 


Equivalent Total 
Thickness of Aluminum 


Areal Density 
kg/m 2 (Din cm) 


Minimum Bumper 
Standoff 


Space Debris 0.75 D 20 D 

Meteoroids 0.15 D 4 D 

Lunar Ejecta 0.15 D 4 D 

• Total Shield Thickness and Density includes TPS and Rear Wall 

• Optimum Designs may Require Multi 
(developed on IRAD, NASA, ; 


i and Air 


ip le Layers or Geometric Disruptors 
Force/Defensive Shields Programs) 


' — - v u.iiviua i 

to Oblique (45», 

Aerobrake-The aerobrake provides the dtermal protection for tite LTS during the aeropass 

~ T re ‘ Uming “ SSE S ‘“ dieS haVC — tite aerobrake design "Is 

r? : Pr0PeUant ’ dlreCUy translatin 8 ■"» a cost savings. Hie study analyzed different 

alT hi T consmic “ on and recommended a rigid, haid shell design. Analysis of on-orbit 

" y de ‘ e 7 ned a — « of pieces requiring assembly was desire whth 

,a ‘ ” h I ^ f0ldi " 8 C ° nCep '' The m anif«ting of tite folding aerobrake in the ETO 
launch vehtcle was considered and found to be compatible with a 7.6 m payload envelol A 

isometric view of this rigid aembrake smtcure is shown in Figure 3 2-13 
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1“ :~;r P '" 8 ' re ” de2V0US ' “ d d0Cld " g Capabi '" i “ ta accomplished by the 
subsystems assoc, ated £ZL “ 8 “ C ' ,0nS ' - - 


diameter and 2 59 m ' / ^ y dc sm,c,ure ' v,th dimensions of 13.72 m in 

and 2.59 m in depth, covered with shuttle type ceramic dies (FRIfS 7 m t 
longitudinal and three major transverse Z . (FRICS-20). Two major 

section « The. erf , names are extruded graphite epoxy "T"- 

Z'ZZTZ: ^ fmm graPhiK - P ° ,yimide w„h an aluminum 

neycomb core. The center sect, on panels are 0.51 cm thick and Ok outer panels are 0 3S cm 

duck and am mounted ,0 the surface panels extruded graphite epoxy angles. 
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LEO assembly of the aerobrake is performed by rotating the two outer sections into place about 
hinges located at the intersection of the longitudinal and outer transverse bulkheads. Proper 
alignment to the center section is assured by a male/female aluminum joint along the intersecting 
surface panels. The outer section is then secured into place through the use of locking pins located 
on the outboard side of the longitudinal bulkheads. A section of the outer ceramic tile around the 
interface area rs initially not installed to allow the hinged motion required for deployment. Once the 
side sections are deployed, the ceramic tile must be installed on orbit over the interface area. 

Subsystems ■ Tire aerobrake is left in a 60 to 100 nm orbit when the lander separates for descent to 
t e unar surface. In order for the aerobrake to maintain its position and be able to rendezvous and 
drxrk with the lander for the return trip, it was to be outfitted with the components shown in Figure 

k tun J AV,0 " 1CS ^ a " d equipmem ba >’ s ^ loca,ed a '°"8 «ther side of the longitudinal 

. The docking equipment is located on the central bulkhead and at the intersection of outer 

transverse bulkheads and the intermediate longitudinal bulkheads. The aerobrake also houses the 
renmi propellant for the lander. Thrs is located in two tank pallets consisting of 3 LH2 tanks and 2 
02 tank m each pallet. The pallets are positioned in the outer sections of the aerobtake leaving the 
center section free for mating the lander and crew module to the aerobrake. 
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3.3 Piloted Configuration 


This section deals with those components unique to the piloted configuration and some of the 

— ° mS - ThC STV pi '° Kd «*««— * Signed to ca^ a crew of fZZ, M 6 

m of cargo using ,74 m, of propellant between the various tanks. The veh“' a II 
dimensions are 14.36 m by 18.66 m by 18.03 m (Figure 3 3 11 wh,„ r n „ 311 

■eave from LEO. The piloted veh Je consists^ ml “ ZZZT Z ”* “ 
structure, the two drop tanksets (three tanks per side, and an aCT obL ^ L 
equipment mounted to the propulsion/avionics core module. * aSSOC,ated 


“13.72 m- 



^Tanksets 


8.97 m 


-8.46 m- 
-18.03 m- 


■4.67 ml 


Side View 


Aerobrake 


14.36 m 



Craw Moduli 


Cargo 


M«*» Proporttn 

components 

Ma»* (t) 

Prop/Avlonlca Cora 
Tankssts (4 TU A 2 101 ) 
Craw Module 
Aerobrake & Equip 

7.1 

9.1 
7.7 
ZA< 

Vahlcla Dry Man 

27.5 

Propellant 

174. 

Cargo «K/Sppt 

.6! 

15.2 

Total Maas 

217.5 

1 


-18.66 m- 


Propulsion/Avionles Con 


Front V low (Front Tank— to Not Shown) 

F igure 3.3-1 STV Piloted Configuration Dimensional Detail 
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b) Two hatches to be provided 

c) Capable of berthing to SSF 

d) Must fit within the aerobrake wake 

e) Meteoroid shield to be used 

0 Checkout, repair, and resupply is done at SSF 

g) ALSPE shelter to be provided 

h) Allow for 2 repressurizations 

i) At least 6 cubic meters per person of habitable volume 

j) Stored oxygen with regenerate molecular-sieve bed C02 removal 

k) 14.7 psi for normal operations 

l) 1 .8 kg of food and 2.0 kg of water per man per day 

m) Avionics and power interfaces with core module 


e general descnpnon of the crew module (Figure 3.3-2) is approximately 72 cubic meters in 
volume and 8.54 m long by 3.67 m in diameter. The cow module is mounted to the 
prapulston/avtontcs core with trunnion and keel fittings similar to those used on the STS system 
e module is dtvtded tnto three major sections, the forward section which houses the flight deck 

which h SeC “°" WhlCh servcs as EMU s *orage, storm shelter, and lunar egress, and the aft section 
looses i the waste management system, the food preparation system, and station berthing 
The crew module can also be utilized at SSF as an additional work station and can be utilized on 
te lunar surface as a remote habitat and/or safe haven. Unpressurized stowage is located along the 

i 1 Td ' em0d “ le ' ^ Slde h a,ch provides lunar egress and a standard berthing ring/hatch 
ts located on the end for attachment to station. Four windows on the forwanf end ptovide viewing 

dunng lunar landmg, and a top window provides viewing for rendezvous and docking. 

Pr ° V ‘ ded t0 accomnloda to interface connections, stowage and ECLSS 
equipment. Two of the bays are designated for the avionics, power, and potable water interfaces 
een the core module and the crew module. These areas also house the batteries for backup 
power to the crew module. n,e other two bays are used to mount the cryogenic oxygen and 

Z'ZITk fOT ‘ he Uft SuPE ° n *—• 1* «*—* of these spaces is that i, aliows 

for tite outfitting and connecting the crew module to core module without having to enter the crew 

module dunng the assembly process. While the vehicle is on tire lunar surface the crew is able to 
checkout the interfaces and avoid entering the crew module. 


The interior arrangement of the crew module is stratghtforwatd. TTre forward section houses the 
tg ec an seats three crewmen. The mid section provides stowage for four EMU's as well as 
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provides lunar egress and storm protection Th^ ,f, 

Salley and provides seaiing for one crewman Eon 7 mana * emenl *»<* the 

below the floor levels in all three sections Lint,, ■ 7"" * ,Memal St ° Wage m loca,ed 

for sleep periods, and for My support during aslti C ° UdKS “ 

for landing on the iSs^ZT, CO ' P "°' *“ WCTa «■ of view angle 

lunar surface of over 85° A single wind 0 ° i ^ T- * ^ ° f V1CW 3X1616 from the horizon to the 
-woftitetarge^^^ 

^^ C ^Zn^°J c ZllT’’ aSS maneUVCr ' ‘ hC f ° rC “ fe “ b * <™men are 
* " - wrong seating posiMM "’ iSSi °"' "" «* would 

on the crew. Reentry couches, similar to those on the 27° ^ 

overhead. Prior to beginning the aeron^c ^ spacecraft, are mounted in the 

reentry couches and thus be in the correct ^ T CTeWmen Would stra P themselves into the 

the correct position for the aeropass loads. After the aeropass 
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maneuver is completed, the crewmen would return to their normal seating position for 
circularization and rendezvous with SSF. 

In the event that a rescue mission is needed, the crew module can provide space for additional 
crewmen. Two additional seat/reentiy couches would be mounted in the mid section of the crew 
module. This will provide room for the rescue party, consisting of a pilot and co-pilot , and the 
four crewmen on the lunar surface to be rescued. 


Landing-After LTV has achieved LLO and stabilized its orbit, the crew prepares the vehicle for 
unar descent. The aerobrake and the core separate and the core will back away from the 
aerobrake. The aerobrake will deploy its solar array and assume a solar orientation. The crew then 
lowers the landing legs and checks to ensure that the legs are locked into place. The RCS thrusters 
align the vehicle for the decent trajectory angle, and the main engines are fired to brake the vehicle 

as it descends to the lunar surface. Once the vehicle has landed the crew will checkout all the 
systems and prepare to disembark and offload the cargo. 


Cargo Offloading-Cargo unloading of the piloted vehicle on the lunar surface can be 
accomplished without the use of the LEVPU. The cargo is supported by cargo supports extending 
es o the core. Once the vehicle has landed on the lunar surface (Figure 3 3-3) the 
cargo can be lowered directly to the surface or onto a transporter by using a hoist mounted on the 
cargo support structure. The cargo on the piloted configuration is supported by cargo supports 



Figure 3.3-3 Piloted Vehicle Unloading Cargo On The Lunar Surface 
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“k'° “ Ch T 01 thC COTC ' h0iS,S l0Ca,ed “ SidC thC carg0 Sup P° n *"« -he 

spaang between the legs allow the cargo to be lowered directly to the lunar surface. The cargo 
supports can be retracted or folded to fit within the aeroassist return configuration to allow reuse. 

dezvous & Docking After the core and crew module have lifted off from the lunar 
urface, they must rendezvous and dock in LLO with the aerobrake and its associated equipment 
fa the return flight to SSF The rendezvous pmcedure consists of aligning the two vehfaes using 
a targe, located on the aerobrake. The docking probe on the crew module is extended and then 

do rr ThT PixIure loca,ed on the aerobrake. Guide rails faated inside dte aerobrake 

rirr y vehicics - The dockin8 probe wm then ■* p«mn g * 

crew module/core into the aeroassist position. 

After the initial soft dock, the final docking procedure consists of extending the four benhing 
mechamsms located on the upper platform of the core a, each of the comers. These locking probes 
mate with receptacles located on the aerobrake. Once the final docking has been ^ 

a ^° ’* ' Cal h COnneCti0nS " madc t0 “nsfa propellant from the return tanks located in the' 

aerobrake to the engines in the core. 

Conagueafitm-After the crew module and propulsion/avionics core has ascended 

in LLO lei J ‘ h ' re " dCZVOUS & ** °< Kmi ° n wi,h the “^/equipment 
rew module, core, and aerobrake are returned to SSF using the propellants in the 

urn an s ocated in the aerobrake. The piloted return configuration at the beginning of the 

atmrpass is shown in Figure 3.3-4. Once the landing legs of the core J re^ thelw 

total remm COrc , WUhin the 22 ° Wake 2,1816 ° f d,e 2erobrake fOT th ' aer °assisted return. The 
return mass leaving LLO is approximately 27 mt. 

3.4 Cargo Configuration 

The cargo configuration is composed of the propulsion/avionics core, a large structural platform 
and the drop ta^sets common to the piloted configuration. „ is designed fo “ m^Te 
unar surface m an expendable mode. Figure 3.4-1 shows the overall dimensions of the vehicle as 

14 82 Tby 21 07 ” T !f°' ThC VehiC ' C “ B ' 54 m (inCluding ,he hcight ° f payload) by 
to i j ^ P BnkS “ eXKnded by WO compared to the piloted vehicle 

to accommodate the width of the cargo platfam. The core will provide minimum interface 

thandtaTrequired To ,her r. COn,r01 ' * pr0pC,lant «»**««“ lie cargo missions is lower 
requned for a p.loted mrssion. To keep commonaliq, between bod, configurations, the 
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mission requiems. ^veWde « deliver * ““ "* 

surface, special structure must b‘- ^ VOlUmC Carg ° manifesKd 10 the lunar 

-e overall view of the P^f^TC“ T “ " 
approximately 14.8 m by 10.5 m in size with th* ' ^ SUpport area is 

fonned by adding two centra, platform extensions JZZZZo^ * 

core structure. These extensions are made of li.h, • n P f extensions to the basic 

for additional uses. Cargo is mounted using center Z aTtT’ ^ r" ’* ““ re,unKd 

the STS. 8 keeI ^ trunnion fittings similar to those on 



i g ure 3.4-2 Cargo Platform Isometric View — 

argo ffloading— Cargo Flight 0 will deliver the LEVPIJ h 

all the other cargo flights and can assist in unload™ rt, * OT " e ' ,ha ‘ wi « “"load 

•Hie LEVPU is designed to be self unloading FtoreVTfsh m * ePil ° ttd Vehicle if "“luired. 

the cargo from the cargo expendable eonfimiJu S W * he LEVPU *«' unload 

The platform and the vehicle size allows the T T* ^ *“ la " ded °" thc lunar surface - 

allows die payload unloader to smtddle the lander vehicle. Once 
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positioned over the vehicle the unloader picks up a piece of cargo, lifts it, and proceeds to roll 
away from the vehicle. After the cargo has been deposited in its position on the lunar surface or on 
a transporter, the unloader will proceed back to the vehicle to unload subsequent pieces of cargo. 



3.5 Cargo Reusable Configuration 


An optional cargo reusable configuration (Figure 3.5-1) for the single propulsion system concept 
has been proposed. The six tanksets, an aerobrake and the large cargo platform are attached to the 
common propulsion/avionics core. The four docking probes provided on the piloted vehicle can be 
positioned to accommodate the taller payloads. The configuration can deliver approximately 26 mt 
of cargo to the lunar surface and return the vehicle to SSF using 169.3 mt of L02/LH2 propellant. 
The 13.72 m rigid aerobrake protects the vehicle during the aeroassisted return to SSF. 

3.6 Initial & Growth STV Concept Definition 

A common set of engines, tanksets, cores, aerobrakes, crew modules, subsystems, etc. were 
found to be applicable in the development of various ground- or space-based, expendable or 
reusable STV configurations including the lunar transportation system. 
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-13.72 m_ 


Tanksats 


ih^ze 



Aerobraka 


Sid® View 


Propulsion/ 

Avionics 

Cors 



14.36 m 


Mass Properties 1 

Components 

Mass (t) 

Prop/Avionics Core 
Tanksets (4 TU * 2 LOI) 
Cargo Platform 
Aerobrake & Equip 

7.19 

9.11 

2.45 

3.50 

Vehicle Dry Mass 

22.25 

Propellant 

Cargo 

169.3 

25.9 

Total Mass 

217.4* 


Front View 
(Front Tankseto Not Showi 


i 


Figure 3.S.J Optional Cargo Reusable Configuration 


Isp and the various pieces of the LTV as • 6 !^ 0A ' 4 ayOBadc en « ine at 449.5 seconds of 
core vehicle to meet the DRM cargo requirement * ** ^ ^ Sh ° WS ** minimum ne eds of the 

the crew module for the manned mission. ” tCrmS of extra PropeHant and subsystems, e.g. 

Expendable Initial Concept-The initial STV (Figure 3 6 n a „ K 

version, can be built from the common set % ! ’ ground * based expendable 

two engines with limited subsystems form the b • T $ T SUbSyStemS ' A common tankset and 

with a length of nearly 12 m With annm • ->o ^ Wei ^ bt dle vehicle is about 3 t 
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| J - 6-7 Baseline Vehicle Ada ptability 
Description 


DRM Propellent Loads Are 
Based on the Use of RL10A-4 | 
Engines (449.5 sec) 


-3.66 m- 


Irtterlaoi 
• Graphite Epox 

I LH2 Tank 
| • AWJ Spun Oomee 
■ AMJ leogrfd Barrel PnJa 

I StrU*(Typ) 

• Graphite Epoxy 


1 Avionics Modulo 


L 02 Tank 

’ AMJ Spun Domoa 
- AL-LI Forgo Ring Frame 


J Engine Thru at Ring 
- Graphite Epoxy 


RL10 Englnee 
(2Typ) 


I 


11.74 m 


J Maas Property | 

Components 

Mass (t) 

Structure 
Propellant Tanks 
Propulsion System 
Main Engines 
RCS ystem 
GN&C 

Communication A Data Handling 
Electrical Power v 

Thermal Control System 
Contingency (15%) 

SSSSSSSSSS? 

ooooobbodb 

Total Dry Weight 

3.17 I 

1 


Performance - 12.9 1 Max to GEO 


Figure 3.6-1 Ground-Based Expendable Vehicle 
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Reusable Initial Concept This stv Q , 

be buiit ftom * common sel of elemcms jix? 5 ;!':;:: 10 " ^ 3 - 6 - 2) ' - - 

an aerobrake, and a core vehicle with limited subsystems form th T^f ta " kS " S ’ ‘ hree '"S 1 "”’ 
weigh, of the vehicle is about >2 m, with an assembied iength ofoverHm d ^ ^ 

m. The extra propellant tanksets provide an enhanced nerfo ° f ° V£r 1 8 

of geosynchronous payloads The pavted c ^ T CaPabiU ' y ^ delira >' “ d 
missions) a crew module wL crew ' ,,l,Cr “»» or <** -me 



102 



MCR-9 1-7502 


4.0 STV OPERATIONS 

checkout of the system „ LEO, High, opera, ^ «* * * 

rendezvous and docking, (light operations from LLO to LEO a a T " d LL0 
refurbishment of the system Figure 4 0 I thn ’ nd 1,051 fl| ght checkout and 

the lunar mission. ' Fl *“ rc4W shows an over™ w of the elements reared to perform 



Fig-re 4.0.1: STV Operations Scenario 
4.1 Ground Operations 

■I «. min £2 “ “ rS “ *• 

go modules. These modules will be processed 
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^IslmbW thC r d ' manifeSKd a " d Cmied '° 0rbi ' in ,hC Wload sh ™ d <* *»e HLLV 
ana assembled in orbit at space station, 

4.1.1 LTS/STV Ground Operations. 

iS C0 " Sidered a P a >"° ad fOT «» HLLV while simultaneously canying cargo 

i ' ! ° ! B OW "’ U “ Sh ° Wn tha ‘ Sta " d aione processin 8 for STV modules and venical 

3rrr, HLL P Pay,0ad Shr0Ud WW * ■» a — combined STV 

Process, ng & Imegranon Faclity (SPIF). Processing of LTS/STV a. KSC begins wilh the 

Wffforl^lTaT m0dU ' eS ^ amVOr barge ' TheSC c “ m P° ne "<s then transferred to the 

integrated STV/sh"' ITT" 8 ““ SUbSeqU ' ra ins,alIati “ n im ° «* HLLVs P/L Shroud. The 

A enn erf! “ ^ “ ' be VAB ** “ - ™S™ion *■> the HLLV 

for rZ mTv Ta “ COmP ' eK ^ ' he VAB ‘ he endre “ ck iS moved t0 lau "Ch pad LC-39C 
for final HLLV checkout, servicing and launch. 

^VsernTs Pr0CeSSin8 ' akCS: "^oneptoccingofdte basic vehicle 
subsequent supporting processing at 20-30 day intervals for tank module flights m, 

4.1.2 ETO Processing and Requirements. 

^e baseline concept is capable of supponing one lunar mission per year consistent with 
Optton-5 . - requiring an initial Heavy Lift Launch Vehicle rntiv, -r , , w,,h 
with final STV assembly a, SSF t, u , : eh,cle (HLLV > maa ‘ f «t “f 3 launches 

KSC Launch CompTx 39 ^ 39, 1 T a ^ “* *“ at 

- purpose Of this study i, has bee “a’, ^ 

r sts —• * - - * own 

P ocesstng will be in concert with the existing STS shuttle program and will share integrated 

=■-*2“ - r rr •— 
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After receipt, the LTS/STV elements are checked out and integrated into the ETO 
fairing/shroud, a seventy-five day task. The integrated payload element is the transported to 
the Vehicle Assembly Building (VAB) for assembly onto the ETO booster element, a ten day 
task. The completed ETO vehicle is then transferred to the launch pad, where it is processed 
for launch. The total ground time requirements for the LTS is eighty-five days to launch. To 
support an initial mission, three ETO flights are required, for a steady state mission, two ETO 
flights are required. Prior to mating of STV the HLLV is stacked onto the MLP along with its 
two boosters at the VAB. 

The boosters and the HLLV core vehicle have previously been prepared and checked out in 
their own stand-alone facilities. The Payload Shroud (PLS) containing the LTS/STV is 
transferred vertically from the SPIF to VAB’s transfer isle. The shroud assembly is then 
hoisted from the transfer isle onto the top of the HLLV stack in the integration cell. 
Subsequent to the PLS/LTS/STV mate the entire HLLV undergoes interface and integration 
testing, ordnance installed and is prepared for roll-out to the launch pad. 

Roll out to the launch pad and hard-down' takes about 8 hours. After connections to the 
facility are complete interface checks are made followed by final checkout of the launch vehicle 
and payload including communications and instrumentation verification. Final servicing 
(fluids, power, etc.) of all systems is performed just prior to start of the launch countdown. 
During the launch countdown after all systems power-up, final confidence checks are 
performed on critical systems and liquid propellants are loaded. LTS/STV propellants will be 
loaded first and the HLLV last. After propellants are loaded they will be continuously 
monitored and vented through pad facilities; at launch the LTS/STV will be locked up and no 
venting permitted until after booster burnout - above 75,000 feet. 

4.2 Space Operations 


The space operations for the LTS/STV consists primarily of two phases. The first involves the 
activities that take place in Low Earth Orbit (LEO) followed secondly by the inflight operations that 
support the transport of the vehicle from LEO to it's destination. In the case of manned missions, 
the system is returned to LEO for refurbishment and preparation for the next mission. 
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4.2.1 Low Earth Orbit Operations 

The LEO node has been identified as the transportation node for the lunar exploration missions. 
The primary element of the LEO will be Space Station Freedom (SSF) and its proximity operations 
support equipment. A general overview of the defined operations in LEO initiate with the ETO 
system delivering LTS hardware elements to a SSF parking location. This point in LEO has been 
defined as being approximately 20 miles from SSF. Elements of SSF Proximity Operations SE 
transport these elements back to SSF, where they are received and readied for assembly and 
checkout. Following the completion of the assembly activity, the system undergoes a final flight 

readiness verification test. The system is then transferred from SSF to its TLI station again using 
SSF Proximity Operations SE. 


Figure 4.2. 1-1 defines the complete set of timelines for the processing of LTS elements for both 
the first flight and steady state scenarios. For the initial flight mission, there are six primary 
activities performed at LEO (SSF). The hardware delivery phase (16.5 days), receives the LTS 
components at SSF where an element level checkout is conducted. The assembly phase (17.5 
days) assembles the LTS components into an operational configuration. This is followed by the 
verification phase (16 days) that ensures the flight readiness of the system. With the system 
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mission ready, the propellant servicing phase (9 days) assembles the drop tanks to the mission 

vehicle The closeout phase (9 days) provides final launch readiness, and is followed by the launch 

P ase .5 days). The launch phase delivers the mission crew, transport the LTS to the injection 

bum location, and initiates TLI. Total processing time for an initial night mission is 61 days 

although due to the KSC and SSF constraints, the actual time required to ptocess the LTS is 265 
u3ys. 


4.2.2 Space Flight Operations 


Once the processing activities a. the LEO node have been completed and the LTS tnmsfened awav 
from the node to a remote location, the initial phase of the space flight activates begin. Space flight 
operations encompass those functions that make up the outbound mission from LEO to low lunar 
orb.., the rendezvous and docking and station keeping activities in LLO prior descent and 
o owtng ascent, descent and ascent to the lunar surface from LLO, and the inbound mission from 
LLO to LEO and recovety by the LEO node. Figure 4.2.2-1 shows the complete space flight 



Figure 4. 2. 2-1: Space Flight Operational Functions 


and Timelines 
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architecture that has been defined for the LTS mission. Although the figure represents a piloted 
mission, the reusable cargo mission uses the same mission functions and the expendable cargo 
missions follow the same functions through descent to the lunar surface. 

Figure 4.2.2-5 shows the overall mission timeline for a piloted mission, starting with receipt of 
hardware in LEO, the initial mission, system refurbishment, conduct of a steady state mission 
including return to the LEO node. Details of the LEO processing phases of this timeline have been 
defined in section 4.2. 1 , Ground Processing. 



4.3 SURFACE OPERATIONS 

The LTS operations on the lunar surface are limited to cargo and crew loading and unloading, 
station-keeping monitoring, and unscheduled maintenance of mission critical elements. Once the' 
cargo has been delivered, it must be unloaded by surface support equipment or by the LTS to 
transportation equipment, because deliveries are made in both cargo and piloted configurations, 
both unloading systems will be used. The large cargo platforms require surface loading/unloading 
equipment to be available, as unloading of these platforms is not feasible with the current piloted 
system configuration. This surface unloader/loader has been defined as the Lunar Excursion 
Vehicle Payload Unloader (LEVPU) by Planetary Support Systems (PSS) inputs to the "Option 5" 
SEI Lunar Outpost Initiative. Figure 4.3-1 shows the LEVPU unloading cargo from the cargo 
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LEVPU Is shown In position on tha LTEV F 
Cargo Unloading 


Payload Unioadar Rolls Ovar 
Landar, Picks Up Cargo, Lifts 
Cargo And Rolls Off Landar. 


Front Vlaw 



“11 -20 m- 
Skfa Vlaw 


^ Sfda Vlaw 

FlgUre 43 ' 1: LEVPU Unloading Cargo <m Lunar Surface " 

'ttr'zzz is - - - - «~ 

c t°tt ks up a ^ »■ * - p~r~rr:: : e 

VehiC, e « *• Lunar surface can be accomplish^, hl^e' ‘V 1 ' 0 "* 1 

Figure AH T-rf. „ v wiuioui ine use ot the LEVPU, as shown in 

vehicie has landed ^Z^?*** “* *“ sid « - -re. Once the 

» be lowered dimalym the surface. ' Spac,n * bet »“ n ■<** °f ^ core allows the cargo 

After landing, connection of the surface umbilicals for transfening of propellant and data 

— t: zizi ro^i;:zr:r; L t s of Ms *-*• - weu - - 

to the T TC -1. denned at this time; however, it is known that the interface? 
to the LTS will be compatible with those used at SSF and KSC 
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FlgUre 4 3 ' 2: Piloted Vehicle Unloading Cargo on Lunar Surface 

4.4 Interfaces 


The LTS will interface with several of the primary space infrastructure elements during the 

KScT p™ " gle miSSi0D - dOT “ ts i " clude th ' g™nd processing facilities a. 
C the ETO system dunng transport into LEO, SSF during assembly, verification, and 

re urbishment, PSS cargo during transfer between LEO and the lunar surface, and the lunar 
utpost facilities throughout the duration of the surface stay time. Discussed in this section will be 
the principle interfaces as defined for each of these support nodes. 

The STV interfaces for both ground processing and the HLLV are identified in Tables 4 4-1 and 
4 . 4 - 2 . Envelope dimensions indicate the handling size but do not include accessibility 
requirements or GSE allowances. Vertical tiansporters, handling dollies, and uactors are required 
or eac of the STV modules and requires (or shares) an HLLV payload shroud vertical 
ansporter. Electrical power will interface with the ground system only during stand alone 
processing in the SPIF using drag on cables. 
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Because SSF conducts many of the same types of functions performed at KSC, similar interfaces 
are found. These interfaces provide an unpressurized area which provides meteoroid protection, 
and active and passive thermal control for the STV. A teleoperator manipulator dedicated to STV is 
planned along with an interface with SSF electrical power. Communications and tracking are 
provided by SSF for the monitoring of critical operations and support of overall mission functions. 

During transportation of the crew and cargo, or just cargo to and from the lunar surface, interfaces 
between the LTS and the cargo exist. To minimize the impact to the LTS, the interfaces shown in 
Table 4.4-6 include only the physical attachments of the cargo to the vehicle and electrical to 
provide monitoring of the health cargo itself. Handling attachments for placing the cargo on the 
STV will be provided by the cargo. No liquid or pneumatic interfaces will be supplied by the STV 
to the cargo although minimal electrical power for monitoring and statusing is provided. 
Environmental control and meteoroid protection, if required, is supplied by the cargo. 
Communications support will be provided by STV for health and status monitoring only. 
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5.0 programmatics 

5.1 PROJECT PLANNING AND CONTROL 

Co — “ d 

single functional task. This task provide mana. mana8 ' mem aCdvides were shined into a 
business management aspects of the contract, I* 10 ° |S re< i uired >° control the 

negotiations, submitted and approved by NASA/MSFC Th” * ^ ^ WaS Updated aflCT 
Program schedule and cost petfotmance. n,e STV Studv fJ 7'“ *“ the " used to roonitor 

“d program technical status were then repotted to NASA/MSFc” tT" SClKdUl ' (Figure 51 -» 
ropon (DR-3). TT,e monthly pmgmn fwanciaI staus = ~ Progross 

orm 533M, and an estimate to complete wac • , , P ° Nasa /MSFC via the NASA 
NASA font, 533Q. ? *“ 10 "ASA/MSFC on a quarterly basis in the 
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Figure 5.1-1 STV Study Program Master Schedule 
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The development of the summary nhace r/n o ^ u 

d-nug SIUdy phase . Basa) ZL ZT P ' ^ P ' anninS daK Was acc0m plished 
defined tasks conLt acttv^sd^deZ ? ‘ he ^ “ Vehfc “ 

Lunar Transportation System (LTS) as the mak ° g ' C ne,work mod els were developed for the 
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Transportation System (LTS). Dte fifteen foot diameter STV schedule is lncluded to accommodate 
the interface for the Space Shuttle, an upgraded Titan IV, or other fifteen foot diameter payload 
class of vehtcle as identified in the STY statement of work. The STV schedule for the fifteen foot 
diameter and the HLL V upper stage meets the early IOC dates for the NAS A polar mission and the 
DOD mtssions from the CNDB-90. These STV systems are in service while the development of 
e LTS progresses through the first test flight launch in 2003. An expendable LTS cargo mission 
(payload unioader) to the lunar surface follows in 2004 and a reusable LTS cargo mission and the 
first piloted mission in 2005. This program phasing lowers peak funding requirements and 
provides integration of the mature STV design into the LTS. This sequencing also increases the 
abdtty to use common test beds and previous STV test articles though modificadons and upgrades 
forLTS scenanos (schedule permitting) and provides early flight mission confidence using the 

STV pnor to the LTS flights. The early STV flights will accomplish selected LTS test objectives 
and lower the development time, cost, and risk for the LTS program. 

5.2 TEST PROGRAM 


The STV/LTS test program has been developed to show an integrated approach of satisfying both 
e component and system test requirements of the ground and flight articles. To assure the 
ccess 0 1 ,s tcst Program it has been divided into test phases which parallel the STV/LTS 
program phases B, C/D, and E/F. Figure 5.2-1 briefly describes each of these phas s and X « 
■mentions: a, technology verification and feasibility of STV/LTS design concepts during phased 
b) destgn development testing during phase C/D; c) component and system qualification program 
during phase OD; d) systems level ground and flight testing during phase C/D; and e) acZ^ 
and operational testing during phase C/D and phase E/F. 

he STV/LTS phase B ground testing scenario has been established to provide technology 
vert .canon and feasibility of design concepts. The main emphasis of this phase has been to 

rrr *• «. ^ cs/so L„ e , c ;t nuid 

add 7 7 aUXlllary Propulsion, and alternative propulsion systems. This effort is further 
“ ‘ h 7 h "°'~„ced development section of this final repot, via the ro adTps 

T^epamcular schedule driver, as it exists today, is the development of the "smart" aerebrake. Our 
program has been established wh.ch requires the equivalent of an AFE fl. whereby the LTS 
©on tguranon aerobrake (although not full scale) is demonstrated using a "to be" scheduled STS 
flight tn the 1997 timeframe. The development of the smart aerobrake also uses data gathered 
dunng the already scheduled AFE I, in the 1995 timeframe 
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The following matrix represents the mission objectives accomplished by each flight article: 


-^Xest Article 

Mission Phase*"' . ^ 

Ae roe eels 

Flight 

Experlmen 

1 

STV 

Flight 

Demo 

(Aerobraka 

Polar 

Servicing 

Mlaalon 

(STV) 

Flight 

Teat 

Vehicle 

(FTV) 

let 

Cargo 

Flight 

(FM-O) 

2nd 

Cargo 

Flight 

(Flt-1) 

1st 

Piloted 

Mlaalon 

(Flt-2) 

On-OrbH AM«mbly and 
Checkout 



V 

V 

V 

V 

V 

Randtzvous and 

Docking 



V 

V 

V 

V 

V 

Tran«-Lunar Inlactlon 
(TLI) 




V 

V 

V 

V 

Dascant 




V 

V 

V 

V 

Aacant 




V 

EXP 

V 

V 

Trana-Earth Injection 
(TEI) 




V 

EXP 

V 

V 

Aaropaaa Maneuver 

Scaled Con f (duration Varalm 

V* 

V* 

V 

V 

EXP 

V 

V 


STV , D,mo sc - d v -™ ion 
Still To Be D#t#rmln«d). 

• nd * 4 *y R ^ ulr » R*»urbl.hm.nt Prior To Noxt U—o-. 
tAH * D«flot»» That Unit la An Expendable Unit w 

Figure 5.2-1 Mission Objectives Accomplished by Flight Article 

The STV/LTS acceptance and operational test programs would be used to verify flight hardware 
performs in accordance with design and manufacturing documentation. STV/LTS test units will 
have an acceptance test performed verifying that the hardware is of known configuration 
(components, subsystems, and systems). The operational testing would consist of manufacturing 
m-line acceptance tests, systems operations testing (as practicable on ground and prior to LEO 
node departure), and launch processing tests (again as practicable at KSC and prior to LEO node 
departure). It is expected that much of the testing could and would be accomplished, via built-in- 
test (BIT) both at KSC and at the LEO node. Launch processing tests would include interface 

verification, RF verification, STV/LTS system functional, and booster integration and combined 
system test. 


5.3 COST SUMMARY 


Table 5.3-1 shows the STV top level cost by program phase and by major WBS element. It 
includes the production and launch of 22 vehicles with a LCC of $10,247.3 M. The DDT&E cost 
is $624.4 M, the production cost is $1205.4 M ($55 M average unit cost), and the operations cost 


117 




MCR-9 1-7502 


is $8417. 7. M. 


Table 5.3-1 also shows the overall cost for the LTS n m 

vehicles and launch of 25 missions, is $88>620 „ f ^ “ C ' udln 8 »>' production of 9 

production cost is $6,375.8 M ($708 M averace n„i, ' i T&E cost 15 «3. 385.4 M, the 
is $58,859.2 M. 8 and the Integration and Operadons cost 


r ~ 5 ' 3 '' T °P Lm! Cost Sum y 



2 3,385.4 
24,009.8 

Costs Reported ,n Millions of 1991 Dollars 
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6.0 technology/advanced development 

The objective of this task was to determine the technologies and advanced development concepts 
cssenoal for the evolution of the next generation of lunar space transfer vehicles. The STV 
Technology and Advanced Development (TAD) effort has preliminarily identified the highest 
pnonty technolog.es and advanced concepts that are essential for the development of lunar STVs 
w tch can evolve tnto vehtcles for Mars manned and cargo missions. In order to establish the 

::: :r tad t * deveiopmem schedu,es have dcfined for - - 

cutTent TAD mammy level and the existing/planned programs which will advance each TAD 
concept. A cos. and performance benefits assessment is underway for each candidate TAD 

- “ q 7‘ ify itS ,0 [he STV I"*™- AH candidate concepts will be prioritized and 
detailed development plans will be completed for those with the highest priority. A wide range of 

technologies have been identified and assessed to ensure the tequirements for all STV concepts 
bemg evaluated are considered. All TAD concepts will be prioritized based upon their impact on 
STV cost, performance/safety and development schedule. Those tha, have a significant effect on 

effect ZT r™ Wi " to “ d - "H**" Hems. Those tha have a m!dl 

1 izzsz: 

to zisjs zit* accori,n8 ,o ,hdr priori,y and a deve,opment pian estabnshcd 

Definitions of the seven TAD maturity levels illustrated in Figure 6.0-1 were derived from the 
the 7 h ,"° l0gy ModCl Wanua,y ' ,984 >- f">m .he observation of 

Preliminary Design Review and a maturity level of 6 (with 7 pmfetred, be obtained by die Oi Z 

esign Review (CDR), tentatively shown as the first quarter of 1997 

TOe twelve basic, top-level STV system requirements that drive the technologies and advanced 
development needs are summarized in Table 6.0-1. Although the firs, five listed have slighdv 
more impact on almost all die major STV systems than die other seven, all twelve direcdv affect th 
selection of the key technologies and advanced development concepts. * 

Table 6.0-2 shows the ten key STV technology and advanced development areas essential for die 
development of lunar STVs that evolve into Mars vehicle. Early GEO vehicies wii, i„ “ 
less advanced techno, ogy/developmen, concepts and serve as test beds for die more 
concepts mquired for sustained Lunar, Mars and planeta^ Pave,. In-depth developmen ££ 
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have been prepared for each of Che twelve TAD areas. These schedu.es show the current maturity 
level, the on-go, ng programs (if any) that will be raising the maturity level, and the agency or 
program that ,s responsible for increasing the maturity. Only a portion of one schedule is shown 
here due to space limitadons. Schedules for all TAD concepts are available upon request 


level Level Description 

1 □ Basic Principles Observed and Reported 
Conceptual Design Formulated 
3 ■ Conceptual Design Tested Analytically or Experimentally 


4 $ Critical Function/Characteristic Demonstration 
5* Component/Brassboard Tested in Relevant Environment 
6 * Prototype/Engineering Model Tested in Relevant Environment 
70 Engineerin g Model Tested in Space 
80 "Flight-Qualified" System 
9* "Flight-Proven” System 


Technology 

OeveloDment 

Advanced 

Develooment 


Flight 

Systems 



Ta d/e 6.0-1 STV Requ irement^ That Drive Technology! Advanced 


• Evolve For Mars Missions 

• ~ Ual FaU,t To,erant * High Reliability 
Withstand Space Environments, Long Duration 

• Robust Design, Margins 

• Minimum Space Assembly & EVA and No 
In-Flight Maintenance 

Storage" 1 * 5 Pr ° pe " ant ’ 5 to 12 Months Propellant 

• In-Space Fluid Management & Transfer * 

• Minimum In-Space Fluids 

• Aeroassist GEO, LEO or Mars Return * 

• Autonomous Rendezvous, Docking & Landlno * 

• In Situ Resources M 

• Low Life Cycle Costs and Acceptable 
Performance 

If Hardware Reused, 5 to 30 Year Service Life 
Not Required For All Concepts 


Development 
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Table 6.0-2 Key STV Technology! Advanced Development 


Area 

QgQ 

Lunar 

Mars 

• Aerobraking 

V 

V 

V 

• Avionics 

V 

V 

V 

• Cryo Fluid Mgmt 

V 

V 

V 

• Cryo Space Engine 

V 

V 

V 

• Space A Ground Operations 
(Robotics, AJ, etc.) 

V 

V 

V 

• Crew Module 


V 

V 

• ECLSS 


V 

V 

• Cryo Auxiliary Propulsion 


V 

V 

• Alternative Propulsion 


V 

V 

• In Shu Resources 


V 

V 


Areas 


To quantify the cost and performance benefits of each TAD concept, an analysis is being 
performed using the Zero Base Technology Concept (ZBTC) approach developed on the Advanced 
Launch System (ALS) program. In this approach, a reference ZBTC is defined and its Life Cycle 
Cost (LCC) and performance established. The cost and performance effects each TAD concept has 
on the ZBTC is then assessed. For our analysis, the Martin Marietta 90 Day Study vehicle 
reference concept was selected as the ZBTC. This reference vehicle was assumed to use existing 
technology and hardware such as RL-10A-4 engines, aluminum tanks and aluminum-mylar MLI 

The non-recurring, recurring, and LCC for the ZBTC is shown in Figure 6.0-2. This analysis 
assumes five flights per vehicle. 

When the cost and performance benefits analyses have been completed for each candidate TAD 
concept, they will be ranked against each other based upon the total LCC savings. To ensure each 
concept is assessed properly, data will also be derived as to the concept's total investment cost, 
recurring savings per flight, cost benefit (LCC divided by research and technology cost), and net 
present value for a 5% discount rate. All this information will be used to establish the "cost- 
ranking which will be integrated with the "performance" and "schedule" rankings to arrive at the 
high, medium and low priorities for all of the STV TAD concepts. 

Results from the initial assessment of the TAD concepts show the potential high priority items to be 
aerobrake aerophysics; guidance/control and materials; avionics, power, software and fault 
tolerance system; cryogenic engine throttling and integrated modular engine; health and status 
monitoring; fault tolerance and space environmental effects. Our study results show that many of 
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